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EXECUTIVE SUMMARY

A Remedial Investigation (RI) was performed by Radian under the
U.S. Air Force Installation Restoration Program (IRP) to characterize environ-
mental contamination present in the Flightline Area of Carswell AFB, Texas;
the existence of which was documented in preceding IRP studies. The affected
environmental media include soil, surface water, and ground water present in
the surficial alluvial aquifer (Upper Zone). The main contaminants are
volatile organic compounds (principally trichloroethene (TCE)) associated with
waste chlorinated solvents. The RI was conducted in stages from 1988 to 1991.
Radian also performed the earlier IRP Phase II Stage 1 investigation (1986);
the IRP Phase I Records Search was performed by CH2M Hill (1984).

The most recent field and analytical effort was conducted in 1990
to provide additional information necessary to support a Feasibility Study
(FS) of remedial alternatives applicable to the Flightline Area. The 1990
effort was limited to further characterization of four of the Flightline Area
IRP sites:

+

. Site LFO4
. Site LFO5
. Site WPO7
. Site FTO9

Landfill 4;
Landfill 5;

]

Waste Burial Area; and

+

Fire Department Training Area 2.

The locations of these, and other Flightline Area IRP sites that are addressed

in separate project reports and documents, are shown in Figure ES-1.

Four major tasks were accomplished to address the existing data

gaps:

. Drilling and logging of 29 soil borings to identify the dis-
tribution of paleochannel deposits, suspected as preferential
pathways for migration of contaminants in Upper Zone ground

water,;

ES-1
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. Installation of 10 additional monitor wells, screened to the
base of the Upper Zone Aquifer to provide additional infor-
mation on the areal and vertical extent of ground-water con-

tamination and possible existence of DNAPL;

. Ground-water and surface water sampling, analysis and static

water level measurement; and

. Aquifer testing to determine Upper Zone hydraulic properties

in the Flightline Area.

Based on all available data, ground-water contamination appears to
be limited to the shallowest water-bearing zone, known as the Upper Zone
Aquifer. In the Flightline Area, as well as across Carswell AFB and the
adjoining area of Air Force (AF) Plant 4, the Upper Zone consists of uncon-
solidated Quaternary and Recent alluvial deposits (sand, gravel, silt and
clay) that contain ground water under unconfined conditions. The Upper Zone
deposits in the Flightline Area vary from approximately 5 to 49 feet thick,
and are underlain by low permeability limestones and shales of the Cretaceous
Goodland and Walnut Formations which form a basal aquiclude. Ground water in
the Upper Zone Aquifer is encountered at depths ranging from approximately 4
to 30 feet below ground level (bgl) and ground-water flow in the Flightline
Area is generally toward Farmers Branch. A series of hydrogeologic cross-
sections through the Flightline Area was prepared from boring logs and
synoptic water level measurements. They are included in Section 3 of this

report to illustrate the local subsurface conditions.

The main surface water bodies located in the Flightline Area are
Farmers Br;nch, an unnamed tributary that flows into Farmers Branch, and two
small ponds on the base golf course. Farmers Branch eventually discharges to
the Trinity River, which is located along the eastern boundary of Carswell
AFB. The Upper Zone ground water and surface water bodies in the Flightline
Area are hydraulically related, with ground water discharging to surface

water.

ES-3
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Trichloroethene (TCE), vinyl chloride, tetrachloroethene (PCE), and
the cis- and trans- isomers of 1,2-dichloroethene (1,2-DCE) are the main
contaminants detected in the ground water and surface water in the Flightline
Area. Based on the concentrations and distribution of these compounds in
ground water, most recently determined in the 1990 sampling and analysis
program, the four former waste disposal areas (Sites LF04, LFO05, WP0O7, and
FT09) appear to be sources for some of the ground-water contaminants detected
downgradient of the sites. However, all of these compounds were also detected
in samples from monitor wells located hydraulically upgradient of all Carswell
AFB IRP sites in the Flightline Area, indicating that additional off-base
sources must also be contributing to the existing Upper Zone ground-water
contamination. The occurrence of volatile organic contaminants in the Upper
Zone ground water on the AF Plant 4 property, upgradient of the Flightline
Area, has been documented (Hargis and Associates, 1989). The source(s) of the
contamination on AF Plant 4 have thus far not been identified. However, it is
likely that they are also the source(s) for the contamination detected in the
upgradient Flightline Area wells, and are contributing some component to the

contaminant plumes that exist downgradient of the Flightline Area IRP sites.

In conjunction with lithologic logs obtained in previous drilling
efforts, logs from the new soil borings were used to delineate the thick
accumulations of sand and gravel deposited in paleochannels eroded into the
surface of the underlying bedrock. Figure ES-2 is the resulting sand and
gravel isopach map of the Flightline Area. The areas of thickest sediment
correspond well with the highest concentrations of TCE determined in 1988,
suggesting that TCE (and other ground-water contaminants) may be prefer-
entially migrating along these relatively permeable deposits in the Upper
Zone. The locations of existing Carswell AFB monitor wells and wells
installed in the Flightline Area by Hargis and Associates for AF Plant 4 were
reviewed to determine the optimum locations for the new wells installed in
1990. Locations were selected to assess the preferential pathway hypothesis,

as well as to better determine the areal extent of contamination, and the

ES-4
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degree of continuity of the on-site contaminant plume with documented ground-
water contamination present upgradient on the adjacent AF Plant 4 property.
The latter objective could not be achieved because no AF Plant 4 wells were

sampled concurrently with the Carswell AFB Flightline Area wells.

The monitor wells installed in 1990 were completed to intercept the
base of the Upper Zone Aquifer to determine if dense non-aqueous phase liquid

contaminant (DNAPL) is present in the Flightline Area. None was detected.

The results of the 1990 sampling and analytical effort confirmed
that migration of the volatile organic contaminant plumes in the Upper Zone
ground water does occur preferentially within the eroded bedrock paleochan-
nels. A secondary component of movement is in the direction of ground-water
flow, generally toward Farmers Branch. The maximum downgradient limit of
vinyl chloride contamination was defined by the existing well network, which
was also adequate to identify multiple sporadic occurrences of PCE. However,
the areal extent of TCE and total 1,2-DCE in ground water was not determined.
Samples from monitor wells located along the downgradient limit of the well
network contained concentrations from 1300 to 2700 ug/L, and 280 to 540 ug/L,
respectively.

In contrast to findings and interpretations from previous inves-
tigations, the ground-water and surface water analytical results for samples
collected in 1990 provide little evidence of a metals contamination problem.
No metals were detected in concentrations above MCLs in any samples analyzed
for dissolved metals and there is no apparent pattern to the few detected con-
centrations above MCLs in the total metals analyses. In previous sampling

events, only the total metals fractions were analyzed.

A pumping well and observation well for evaluation of Upper Zone
Aquifer properties were installed just north of the northeast corner of
Landfill 4, near the axis of a major paleochannel. The observation well was
located approximately 50 feet north of the pumping well. Seven additional
monitor wells were included in the observation well network, but the measured

water levels showed no response to pumping after 20 hours of pumping at the

ES-6
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optimum rate determined in the preceding step test (approximately 20 gal-
lons/minute). Data from the pumping test and subsequent recovery test were
analyzed using the Cooper-Jacob method, and the computer Well Hydraulics
Interpretation Program (WHIP™). The resulting calculated aquifer properties
of transmissivity, hydraulic conductivity, and storage coefficient are
summarized in Table ES-1. The values all fall within the range expected for

clean sands and gravels (Freeze and Cherry, 1979).

Upper Zone ground water in the Flightline Area was determined to
discharge to surface water, based on synoptic water level measurements in the
monitor wells and at a staff gauge in Farmers Branch. This interpretation is
supported by the similarity in ground-water and surface water contaminant
distributions and concentrations in samples collected in 1990. The chemistry
of surface water in the unnamed tributary to Farmers Branch suggests the water
is virtually equivalent to the ground-water plume composition at the sample
collection point. Volatile organic contaminants, most notably TCE, in
concentrations above MCLs were detected in samples collected from both the
upgradient and farthest downgradient sampling points on Farmers Branch,
suggesting contributions from off-base sources, as well as the potential for
off-base migration of contaminants. Estimated concentrations of TCE and total
1,2-DCE leaving the Flightline Area via Farmers Branch are 45 ug/L and 8.4
ug/L, respectively.

A baseline risk assessment, incorporating the 1990 analytical
results, was performed for the Flightline Area. Indicator chemicals, con-
taminant release,transport and fate mechanisms, and potential receptors and
exposure pathways, specific to the Flightline Area were identified and
evaluated. The Flightline Area was determined to pose no significant human
health threat, based on evaluation of carcinogenic and noncarcinogenic
(chronic) risks. Environmental (terrestrial wildlife and aquatic organisms)

risks were determined to be minimal.
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Using all available information generated in the IRP, the Flight-
line Area (combined Sites LF04, LF05, WPO7 and FT09) was evaluated using the
Defense Priority Model (DPM). The Flightline Area received a total score of
19,381 and ranked second among the five Carswell AFB IRP sites/areas evaluated
with the model. While the Flightline Area contamination poses no immediate
human health threat, remedial action is indicated to prevent continuing
contaminant release and migration. Recommendations for addressing remaining
data needs for design and implementation of a remedial action are provided in
Section 7. It is anticipated that all of the required data can be obtained
within the detailed design phase of the selected remedial action, and no

additional separate remedial investigation effort is proposed.
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1.0 INTRODUCTION
1.1 Purpose of Study

The purpose of this study is to provide a sufficiently detailed
description of existing environmental conditions in the Flightline Area (Sites
LFO4, LFO5, WPO7, and FT09) of Carswell AFB, Texas such that the impacts of
documented ground-water contamination beneath the base can be determined and a

remedial action can be designed and implemented.

Previous IRP studies documented soil and ground-water con-
tamination, especially with trichloroethene (TCE) and chromium (Cr), in the
Flightline Area. Previous investigations detected contamination of soils and
ground water only in the "Upper Zone," a term used to describe the surface
deposits of alluvium and fill in the Flightline Area (Hargis and Montgomery,
Inc., 1983). However, the complete areal and vertical extent of the con-

taminant plume(s) were not defined.

Previously available evidence suggested multiple sources of the
contamination, including source(s) located upgradient of all potential sources
in the Flightline Area of the base. The monitoring network existing at that
time was insufficient to identify and determine the relative contributions
from these other sources. This report, based on additional IRP RI/FS Stage 2
field and analytical efforts performed between 5 March and 22 June 1990,
addresses these data gaps and presents a summary of the current understanding
of the hydrogeologic setting and Upper Zone ground-water characteristics of

the Flightline Area.

Four major field tasks were designed to address existing data
gaps. Soil borings were drilled and sampled to better define the distribution
of basal gravels deposited in ancient river channels (paleochannels) which
might serve as preferential pathways for contaminant migration. Monitor wells
were installed to provide additional sampling sites to better characterize the
vertical and lateral extent of ground-water contamination and potential or

existing contamination sources. A comprehensive sampling of all Upper Zone

1-1



64 25

wells and numerous surface water sites was conducted to determine the nature
and extent of contamination present. Finally, aquifer testing was performed
to define the hydraulic conditions in the Flightline Area to aid in a more

accurate characterization of contaminant transport.

1.2 Site Description

Carswell AFB is located six miles west of the center of Fort Worth
in Tarrant County, Texas (Figure 1-1). The focus of this investigation is on
an area near the southern end of the flightline at Carswell AFB, hence the

name "Flightline Area"” is used to describe the location of the study area.

The Flightline Area includes six discrete sites that were iden-
tified as potential sources of contaminants in previous IRP studies (Figure

1-2). They are:

. LFO3 - Landfill 3;

. LFO4 - Landfill 4;

. LFO5 - Landfill 5;

. WPO7 - Waste Burial Area;

. FTO8 - Fire Department Training Area 1; and

. FT09 - Fire Department Training Area 2.

Data obtained in the earlier IRP investigations provided no evi-
dence that Sites LFO3 and FTO8 have released hazardous waste or waste con-
stituents to the environment. Therefore, it was concluded that they do not
pose an envirommental or human health risk (Radian, 1989; 1990a,b). The
monitor wells installed at Site FTO8 were, however, included'in this most
recent Stage 2 ground-water sampling effort because it is likely that they are
intercepting ground water that has been contaminated by one or more up-
gradient, potentially off-base sources. In the following subsections, Sites
LFO4, LFO5, WPO7 and FTO9 are described in terms of their physical features,
historical uses, and the significant hydrogeologic findings from previous

investigations performed in the Flightline Area. Historical descriptions of
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these sites and the wastes disposed of in each are taken from the Phase I

Records Search (CH2M Hill, 1984).

1.2.1 Site LFO4 - Landfill 4

Landfill 4 includes approximately 10 acres of land located east of
the south end of Taxiway 197. It was the main landfill during much of the
history of Carswell AFB. While in active use, at least six large pits,
approximately 12 feet deep, were filled with refuse which was burned and
buried. Various potentially hazardous wastes were reported disposed of at
this site, including drums of waste liquids, partially full paint cans, and

cadmium batteries.

1.2.2 Site LFO5 - Landfill 5

Landfill 5 is located northwest of Landfill 4, adjacent to a small
tributary to Farmers Branch. The landfill was constructed by building a clay
berm along the creek and filling the area behind the berm up to the existing
level. The landfill received all types of flightline wastes and refuse.
Flightline wastes typically include such substances as oils, thinners,
strippers, and paints. Waste materials in the landfill were burned regularly

and buried.

1.2.3 Site WPO7 - Waste Burial Area

Site WPO7 is located adjacent to and north of White Settlement Road
where it comes to a dead end at the taxiway. The area was used for burial of
wastes during the 1960s. Various types of hazardous wastes, including drums
of cleaning solvents, leaded sludge, and possibly ordnance were reportedly

disposed of at this site.

1.2.4 Site FT09 - Fire Department Training Area 2

Site FT09 is located between Taxiway 197 and the radar facility.

This site, with only slight modifications, has been used for fire department
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training exercises since 1963. The fire pit is lined with gravel and is
enclosed by a low earthen berm. In the past, a second pit was present at the

site to collect run-off from the training exercises, but it no longer exists.

1.3 Summary of Previous Flightline Area Investigations

The Flightline Area has been the subject of field investigations
performed during two separate Stages of the IRP Phase II; the Stage 1 Prelimi-
nary Assessment (PA) and Stage 2 Site Inspection (SI). The Phase II Stage 1
investigation (Radian, 1986) documented contamination of shallow ground water
and soils in the Flightline Area. The initial Phase II Stage 2 investigative
activities helped define contaminants in the Flightline Area, both quali-
tatively and quantitatively. Radian conducted a second episode of field
activities during the Phase II Stage 2 investigation (Radian, 1990c) to fill
data gaps remaining after the initial Phase II Stage 2 effort (Radian, 1989).

Most notably, further characterization efforts included:

. Source definition;

. Determination of surface water - ground water relationships;

. Definition of vertical and lateral extent of contamination;
and

. Estimation of Upper Zone Aquifer hydraulic properties.

With information obtained from the additional Phase 1I Stage 2 activities,
more complete characterization of contaminant source(s), surface water,

geology, and ground water in the Flightline Area was achieved.

The following paragraphs summarize the activities performed
throughout the Phase II IRP to characterize the contaminant sources and
environmental media of concern in the Flightline Area at Carswell AFB. All
field and analytical data from these investigations are contained in the

various reports, including the Phase I investigation (CH2M Hill, 1984), the
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Phase II Stage 1 investigation (Radian, 1986), and the previous Phase II Stage

2 investigation (Radian, 1989).

1.3.1

Contaminant Source Characterization

The following activities were performed to characterize the

source(s) of contamination identified in the Flightline Area:

tasks:

1.3.2

Area are:

Determining the locations of the IRP hazardous waste sites in

the Flightline Area;

Delineating the lateral and vertical extent of the waste

areas; and

Assessing the chemical and physical characteristics of wastes

disposed of in the Flightline Area IRP sites.

These activities were accomplished by completing the following

Reviewing the Phase I Records Search and personnel interviews;

Performing geophysical surveys to accurately define the lat-
eral and vertical extent of the former waste disposal areas;

and

Collecting environmental samples (soil, ground water, and
surface water) to determine the types and amounts of contamin-
ants associated with individual waste disposal units within

the Flightline Area.

Surface Water Characterization

The major surface water features associated with the Flightline
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. Farmers Branch;
. An unnamed tributéry that flows into Farmers Branch; and
. Two ponds located on the Carswell AFB golf course.

The following tasks were performed to characterize these surface

water features:

. Chemical analysis of surface water samples collected from
Farmers Branch, the unnamed tributary to Farmers Branch, and

the two ponds located on the golf course;

. Estimating flow volumes at several locations on Farmers Branch

and the small tributary; and
. Installing and surveying a staff gage in Farmers Branch to
help determine ground-water/surface water relationships in the

Flightline Area.

1.3.3 Geologic Characterization

The objectives of the geologic characterization activities per-

formed in the Flightline Area were to:

. Determine the location of paleochannel(s) to assist in place-

ment of Upper Zone monitor wells;

. Determine the depth to the shallow aquitard (Goodland/Walnut

Formation) in the Flightline Area;

. Identify the thickness of the shallow aquitard under the

Flightline Area; and

. Determine the depth to the uppermost regional potable water

supply aquifer (Paluxy Aquifer) beneath the study area.
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Radian accomplished these activities by completing the following

tasks:
. Borehole drilling, sampling, and lithologic logging; and
. Performance of geophysical surveys.

1.3.4 Ground-Water Characterization

Investigations of the ground water occurring under the Flightline
Area were limited to the Upper Zone and the Paluxy Aquifers. Previous
investigations focused on these two aquifers because deeper aquifers are
unlikely to be affected by downward migrating contaminants. This is due to
the several hundred-foot thick section of low permeability Glen Rose Limestone
that acts as a basal aquitard to the Paluxy Aquifer in this area. Activities
were focused on defining ground-water quality, both upgradient and down-
gradient of former waste disposal units in the Flightline Area, and on

estimating aquifer properties. Characterization efforts were directed toward:

. Determining the physical and hydraulic properties of the
aquifers;
. Identifying and quantifying the concentrations of contaminants

in ground water from the Upper Zone and Paluxy Aquifer; and

. Delineating the lateral and vertical extent of ground-water

contamination.

Radian performed the following tasks to characterize ground-water

conditions in the Flightline Area:

. Test well installation in both the Upper Zone and Paluxy
Aquifers;

. Sampling and describing the sediments that contain the ground
water;
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. Synoptic water-level surveys and potentiometric surface con-
touring;
. Performing in situ permeability tests (slug tests) and a pump

test of the Upper Zone Aquifer;

. Ground-water sampling and analysis for waste-specific in-

dicator parameters; and

. Mapping of ground-water contamination in the Flightline Area.

1.3.5 Findings of Previous Flightline Area Investigations

Geology

Based on the results of previous investigations (CH2M Hill, 1984;
Radian, 1986, 1989, 1990c), the Flightline Area of Carswell AFB is charac-
terized by surficial alluvial deposits of gravel, sand, silt and clay which
are unconformably underlain by limestone and shale bedrock of the Cretaceous
Goodland and Walnut Formations. The alluvium includes flood-plain and
fluviatile terrace deposits which together constitute the Upper Zone, as

defined by Hargis and Montgomery, Inc., 1983.

The base of the Upper Zone sediments was encountered during dril-
ling activities performed in both RI/FS Phase II Stage 1 and Stage 2. In the
Flightline Area, the Upper Zone varies from approximately 13 feet to greater
than 40 feet thick. In general, silt and clay, with variable amounts of sand
and gravel, dominate the upper five to 10 feet of the section. Below this
depth, sand and gravel occur in increasing proportions, and in general, tend
to increase in grain size with depth. Basal gravel deposits also occur in
paleochannel features eroded into the surface of the underlying bedrock. The
gravel consists mainly of limestone and shell fragments that range in size

from fine gravel to cobbles.
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The bedrock was penetrated during drilling of the Paluxy Aquifer
monitor wells in the Stage 2 study, and was encountered at the base of a
number of the Upper Zone monitor wells installed in Stage 1 and Stage 2.
Bedrock in the Flightline Area consists of interbedded fossiliferous limestone
and calcareous shale of the Goodland and the Walnut Formations. These units
are generally dry, although small amounts of water were occasionally observed

in the shale and clay units during drilling activities,

The bedrock surface is level across most of the Flightline Area
east of Taxiway 197, but rises sharply near the southwest part of Site FTO9
and the southern part of Site LFO4, in the vicinity of the outcrop south of
the study area. The locally irregular topography of the bedrock surface is

typical of an erosional surface modified by fluvial processes.

Ground Water

Ground water occurs in the Upper Zone and in the Paluxy Aquifer
beneath the Flightline Area. The potentiometric surface of ground water in
the Upper Zone tends to mirror the configuration of the alluvium/bedrock
contact. The position of the water table also reflects to a lesser degree the
land surface topography. Downgradient is generally to the east toward a
tributary of Farmers Branch, parallel to the surface slope. The hydraulic
gradient is very low (on the order of 16 feet per mile) beneath most of the
Flightline Area, except in the extreme southwestern area where it is notably

steeper.

IRP Stage 1 ground-water analytical results revealed Upper Zone
contamination by several volatile organic compounds, most notably TCE at con-
centrations ranging up to approximately 5000 micrograms per liter (ug/L).

Soil samples from the Flightline Area also contained detectable concentrations
of TCE. Most of the detected contamination was apparently centered to the
east of the Flightline Area at the golf course, but TCE concentrations up to
nearly 3300 ug/L were also detected in samples from wells located upgradient
of Landfill 5, within 900 feet of the flightline. No contaminants were

detected in the Paluxy Aquifer monitor wells.
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During the Stage 2 effort, flightline monitor wells were sampled in
January-February, and again in April, 1988. The following analytes were
detected in concentrations above their respective EPA Maximum Contaminant
Levels (MCLs) in one or more samples: arsenic, barium, cadmium, chromium,
lead, selenium; and trichloroethylene, vinyl chloride, and benzene. Of the
metals detected in concentrations exceeding their MCLs, chromium was the most
widespread. However, all metals analyses were performed on unfiltered ground-
water samples, and therefore reflect total, rather than dissolved metals con-

centrations.

As determined in Stage 1, the dominant organic contaminant iden-
tified in Stage 2 Upper Zone ground-water samples was TCE. The extent of the
TCE plume in the Flightline Area was not completely defined upgradient (west)
or downgradient (north and east) of the flightline IRP sites. Based on the
generally west-to-east shallow ground-water flow direction, the existence of
TCE in samples from monitor wells located west of the IRP sites was inter-
preted as indicating one or more additional upgradient sources not related to
the sites subject to ongoing investigation. Also, TCE contamination of Upper
Zone ground water in the area east of Air Force Plant 4 (i.e., upgradient of

the Carswell AFB Flightline Area) is documented (Hargis and Associates, 1989).

Additional Stage 2 activities in the Flightline Area were recom-
mended to: 1) determine to what extent, if any, the TCE-contaminated Upper
Zone ground water east of Plant 4 and that beneath the Flightline Area
constitute a contiguous plume; 2) determine to what extent, if any, the IRP
sites on Carswell AFB are contributing to the existing Upper Zone ground-water
contamination; 3) define the maximum lateral, downgradient, and vertical
extent of the contaminant plume on Carswell AFB; and 4) define the site-
specific hydrogeological characteristics of the Upper Zone in the Flightline
Area in sufficient detail to design and implement an appropriate remedial

action.
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1.4 Report Organization

Following this Introduction, the field activities performed to
characterize the Flightline Area are described in Section 2. The techniques
and methodologies used to accomplish the field program are presented in detail
with respect to the contaminant source, surface water, geological, and ground-
water investigations that were included in the comprehensive Phase II scope of
work. Section 3 presents a detailed description of the physical environmental
setting of the Flightline Area based on interpretation of data from the
current investigation and from previous studies. The nature and extent of
surface water and ground-water contamination, determined from the most recent
round of sampling and analysis (May-June 1990) are discussed in Section 4, and
Section 5 addresses contaminant fate and transport. Section 6 summarizes the
baseline risk assessment methodology and results of the evaluation; and
presents the Defense Priority Model (DPM) ranking of the Flightline Area.
Section 7 summarizes the major findings of the RI and presents the conclusions

regarding data limitations and recommendations for additional activities.
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2.0 FIELD TECHNIQUES AND ANALYTICAL METHODS

Several field techniques were used to obtain information on the
environmental conditions of the Flightline Area. The following subsections
describe the techniques for drilling and soil sampling (including analytical
methods, holding times, and collection and preservation requirements), the
methods for conducting geophysical surveys, the methods and specifications for
well construction and development, the techniques for collecting water samples
(including analytical methods, holding times, and collection and preservation

requirements), aquifer test methods, and surveying requirements.

2.1 Drilling and Soil Sampling

Drilling at Carswell AFB was accomplished using a hollow-stem auger
rig for the Upper Zone monitor wells and soil borings and a rotary drilling
rig (using both mud and air) for the Paluxy monitor wells. These methods were
selected based on site-specific conditions and data requirements; i.e., the
anticipated depth of completion, the need for water-level observations during

drilling, and the expected geologic conditions.

After each borehole was completed, the drilling rig, auger flights,
and equipment were decontaminated with a high temperature, high pressure

steam-sprayer using base potable water.

Cuttings suspected of being contaminated on the basis of visual
evidence and organic vapor analyzer (OVA) or photoionization detector (HNu)
readings were placed in steel 55-gallon drums. Selected samples of cuttings

were collected and submitted for analysis of EP Toxicity.

The following paragraphs describe the drilling and soil sampling

procedures.
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2.1.1 Hollow-Stem Augering

A Mobile Drill B-61 or a CME-75 hollow-stem auger drilling rig was
used to perform shallow soil borings and installation of the Upper Zone
monitor wells. The hollow-stem auger method allows for recovery of relatively
undisturbed subsurface soil cores, determination of subsurface lithologies and
structures, and accurate identification of the position of the water table.
The boreholes were drilled dry; no drilling fluids or additives were used.
Samples of soil were collected with either a split-spoon sampler, a thin-wall

sampler (Shelby tube), or a CME 5-foot continuous core sampler.

The soil samples were described in terms of lithology, moisture
content and any evidence of contamination. Lithologic logs of boreholes
drilled during the most recent field activities are provided in Appendix A.
Photographs of selected soil cores showing lithologic characteristics were

also taken.

Selected samples were shipped on ice to Radian’s laboratory for
chemical analysis. Analytical parameters for soil samples are listed in Table
2-1. No soil samples were collected for chemical analysis in the most recent

Stage 2 effort.

2.1.2 Air and Mud Rotary Drilling

Air and mud rotary drilling was performed during the Phase II Stage
1 program (Radian, 1986) with a Gardner-Denver 1500 CD truck-mounted rig. A
6-inch bit was used to advance a pilot borehole through the Upper Zone
alluvial material to a depth of at least five feet into the underlying
Goodland Limestone. The borehole was then reamed to a diameter of 14 inches.
In order to seal off different water bearing zones, a 10-inch diameter steel
casing was installed to the full depth of the borehole and the annular space
was grouted. Upon achieving a positive seal, the borehole was advanced using
a 6-inch diameter bit to the final depth at the shale unit separating the

upper and lower Paluxy Formation. Bentonite drilling fluid was used while

2-2



64 40

POYlaW pJepuels = WS
pajj12ads 10N = S/N
ajqed{iddy JoN = V/N "2
J4032933Q d}4193ds apyieH/ydedbojewody) sey = QSH/ID
J032933Q co_uuu_co_Ououa\;nunguaEOg:u $89 = Qld4/29
Adoasod3oads padedjul = ¥}
uotydiosqy dlwoly = Yy
(panut3iuo)) AdodsoJ3dads uoissiwl ewse)d pa)dnod A13A13onpU] = dJ1 ‘| :S3ION
(0ss¢g) oY 18 213309 8,8)0d pue Sapid131sad
sAep 09 sAep 2 UOL3OBJIXD UOIIBILUCS  pIjeJabiajay sse 6 w 062 @23/29 6/61 2°0 - 10°0 ap1Joydouebio 0808 Vd3
39 d.% 18 91330q S$9ap|o1qJaH Axouayd
sAep (0% sAep ;2 ‘sisAjoupAy ‘uolldedix3y  paIeJablujay sse )b Jw Qg2 a33/29 6/61 Q9L - L0 paleudolyd 0sLe vd3
213109
sse16 w 062
JO 3A39)8
J.,% 38 1923)8 ssajulels spunodwo) a1ueBug
sAep 09 shep 9| (0SSE) uotiedjuos  pajedablajay W 0S2 SW/29 6/61 | 3113810A- WIS 0/28 Yd3
Jo% 1€ 311309 spunodwo?)
shep 9| shep 9 (0£05) desy pue abund  paieJabliyoy sse\B w 052 SK/29 6/6d 1°0 oweBug 31138j0A (%28 V43
uodJdj yitm (0ssg) PIYARL 213309 5U0qJRI0IPAN
sAep g2 S/N UO13JBJIXD UOLIRILIUOS  pPIleJaBLI}aY sse)b qw QG2 Al B8/61 Q¢ wnNd310433d 1°8L% Vvd3
(0552) uol3ediuos Aq 2.9 3% 213309
sAep g2 S/N UO132@43IXd UOdJ4 pajeJabldjay sse16 w Qg2 .yl 6/67 gl 9seaJdn pue 110  2°€LY Vd3
0% 18 31130q
syjuow 9 S/N  (¥0S0E) uollsaBip pioy  pajedablayay ss@18 W 062  (ddeudny) vy 6/6w g°0 qd 029, vd3
oY 1€ ?31330q " .
shep g2 V/N  (¥050%) uoilsabip pioy  pajedabluajey ss@)8 w 0g2 JodeA pjod 6/67 ¢°0 64 1294 vd3
Jo% 18 913309
syjuow 9 S/N(Y0S0E) UOL3Isabip pioy  pajeJabiiyay sse 1B i pg2 ¥Y¥ adeudnj 8/64 ¢*0 s 0922 vd3
2.9 1@ 213309
syjuou 9 S/N  (¥0S0§) uotlsabip proy  pajedabliujey sse|8 W 052 vy adeudny 6/61 g0 sy 0904 vd3
Jo¥ 38 91330q
syjuouw 9 S/N  (¥0S0%) uoilsabip pioy  pajedablujay sse16 w 062 dd1  6/81 06 - 2°0 S)1€19W 0109 vd3
(sisAjeuy) ~Aco_uugmaugav $34NP3doJd  SjudwaJ inbay SUN)OA pur “ON roa>h poy3lan Jtwyy Jajauweded PoYIan
awi] Buipyjoy awt] BuLp)oH uol3dedix3 o6eJols pue ‘adA| Jautejuo) uo0132333( ERVENETEY]
unwixeR wnu t Xew ?\dues UOL3BAJISIUd POYIaN
SVXAL ‘ddV TIIMS¥VD ‘SINIWAYINOTY SISXTYNY ANV ONITAWVS T1IOS II dSVHA S4/I1¥ 40 RIVWWNS “T-7 FTI9VL

2-3



64 41

POYISN PJEPUB]S = WS
paty1oads 10N = S/N

a1qed)1ddy 0N = V/N 2

1039333Q d14193ds api)el/ydesBorewoly) seg = QSH/I9

1032233(Q UO}38Z|UO10I0Yd/ydelBolewoly) seg = Q1d/29

Adoosouyoads paJsesjul = ¥l
uot3diosqy dlwoly = VY

Adodsou3oads uoissiwl Bwse)d Pajdno) A1aAj1donpu] = dIl  °| :S3oN

3JN3ISIOW 110S 91220 WISY

uodJdj yitm (0SS2) QoY 18 913109 Sapiolisad
sAep 0y sAep / u0l3}2BJIXd ‘uoliediuog  pIeIabluyey sse)b6 Jw 062 29 6/6f ¢ - ¢°0 snJoydsoydourBip 0%18 vd3
. (OLEL VdD)
Jdoy 3® 213309 127192
sAep g2 S/N uo132843X3  PA3eJabiURy sse}b W 052 ddol ‘v 1/6w §70-200°0 A312yx0y 43 440 0%
(sisAjeuy) mﬂcomungeamgmv $34NPad0ld  SIUAWIJ {nbay auNn)oA pue °ON Foa>» POYIAN Wy Jajawaded poyi1an
awly BULP)OH auty ButploH uo139843%3 9b6eJ03S pue  ‘adA{ Jauieluo) uo$393330 25U31343Y

Wi L Xe LUK L X R 9)dules U0 | 38AJISAId POyl an

penutauo))

"1-¢ 319VL

2-4



64 42

drilling in the Paluxy Formation owing to borehole instability during air

rotary operations.

As the borehole was advanced, the cuttings discharged at the
surface were described by lithology, moisture content (air rotary-drilled
section), evidence of contamination, and other features useful in charac-
terizing the geologic section. Drilling conditions, such as relative rate and
ease of penetration, were noted by the driller. Water encountered during
drilling was noted with respect to depth of occurrence and rate of production.
As needed, drilling was suspended temporarily to allow for recovery of water

in the borehole.

2.2 Geophysical Surveys

Geophysical surveys were performed to define the vertical and
lateral extent of waste-disposal activities, to provide a clearer picture of
the subsurface conditions around the sites, and to investigate the potential
existence of buried objects at several locations. Most geophysical tasks were
performed during Phase II Stage 1; only a magnetometer survey of WPO7 (form-

erly Site 10) was performed during the initial Stage 2 investigation.

All survey grids were laid out using a compass and measuring chain.
Stations were marked with labelled pin flags or spray paint. The geophysical
techniques employed in the Flightline Area characterization efforts were earth
resistivity, magnetic and magnetic gradient, and fixed frequency electromag-
netic profiling (EMP) conductivity. The Earth Technology Corporation of
Golden, Colorado performed the geophysical surveys in the Flightline Area.
Following are brief descriptions of the various geophysical techniques used to

characterize the Flightline Area.

2.2.1 Electrical Resistivity

Earth resistivity was measured by direct current Schlumberger
soundings (vertical electrical soundings - VES) at all IRP sites in the

Flightline Area. The Bison Model 2350 Earth Resistivity meter was utilized
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for the VES measurements. Current electrode separations used were (in
meters): 1, 2, 3, 4, 6, 10, 14, 20, 30, 40, and 50 (1 meter equals 3.28
feet). Due to variable ground conductivity, potential electrode separations
varied slightly from site to site. The sounding data were processed using the
ABEM VES iteration process to obtain a best fit curve and were plotted
logarithmically as resistivity in ohm-meters versus half the current electrode
separation in meters. The plot also includes the layered earth model giving
the best match. At most VES sites, orthogonal electrode arrays were used to

test for distortions of the data due to lateral inhomogeneities in the ground.

2.2.2 Electromagnetic Surveys

Electromagnetic profiling (EMP) surveys were conducted at Flight-
line Area Sites LFO03, LFO4, LFO5, WPO7, FTO8, and FT09 using two devices: the
Geonics EM31 and the Geonics EM34-3 ground conductivity sensors. Both ground
conductivity sensors are designed for rapidly obtaining data over large areas.
The meters employ magnetic dipoles or magnetic induction loops for transmis-
sion and reception of low frequency electromagnetic waves. The effective
depth of investigation of the EM31 is six meters; the depth of investigation
provided by the EM34-3 depends on the coil separation and orientation, applied
frequency, and to some extent, the conductivity profile of the subsurface.

The techniques and conditions at Carswell AFB resulted in an effective
investigation depth of 50 feet with the EM34-3. The resulting data are

reported in units of millimhos/meter.

2.2.3 Magnetometer Surveys

Magnetometer surveys were accomplished using either an EDA PPM500
pProton magnetometer or a Geometrics G856AX magnetometer. Magnetometer surveys
were performed because the over-burden at Carswell has a low magnetic suscep-
tibility; the buried objects were believed to contain a significant amount of
iron that would create a noticeable magnetic anomaly. Readings of the total
field and magnetic gradient were taken at each location. The units for these
readings are gammas and gammas per one-half meter (1.64 feet), respectively.

The magnetometer survey of WPO7 during Phase II Stage 2 activities was
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performed to determine if metal objects were buried at any of the proposed

drilling locations.

2.3 Monitor Well Construction and Development

During the Phase II activities in the Flightline Area, a total of
35 Upper Zone monitor wells and two Paluxy Aquifer monitor wells were
installed. The construction specifications and well development procedures
are described in the following sections. One aquifer (pump) test well and an
observation well were also completed in the Upper Zone. The construction of

these wells is described in Section 2.5 (Aquifer Pumping Test).

2.3.1 Upper Zone Well Construction

Upper Zone monitor wells were installed either immediately after
completion of the drilling operations or after the borehole produced enough
water to warrant a well. Construction specifications for the Upper Zone
monitor wells are presented in Table 2-2. Well completion summaries for
Flightline Area monitor wells completed in the most recent (1990) inves-
tigation are provided in Appendix B. Construction methods were generally
consistent with the specifications provided in the SOW. Any changes neces-
sitated by unanticipated field conditions were made with the knowledge and
approval of the HSD/YAQ Technical Program Manager. Decisions regarding the
setting of the screen and casing, length of screen, amount of sand pack and
bentonite were made in the field by the Radian Supervising Geologist based on
the static water level and saturated thickness of Upper Zone sediments.

Monitor wells were installed using the following procedures:
1. Prior to installation, the casing and screen sections were

thoroughly washed using a high temperature, high-pressure

steam sprayer, with base potable water.
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TABLE 2-2. UPPER ZONE MONITOR WELL CONSTRUCTION SPECIFICATIONS,
FLIGHTLINE AREA, CARSWELL AFB, TEXAS

Casing: Two-inch diameter, threaded and flush jointed, Schedule 40 PVC.

Screen: Two-inch diameter, threaded and flush-jointed factory-slotted,
Schedule 40 PVC, 0.020 inch slot. Normal screen length is 10 feet.
Some well screens were wrapped with filter fabric material.

Sand/gravel pack: Washed and bagged, rounded sand/gravel with grain
size compatible with screen slot and formation (Coarse, No. 8-20). A
sand pack was placed from the bottom of the borehole to two to five feet
above the top of the well screen. Sand was placed at a controlled rate
to avoid bridging within the auger.

Bentonite seal: Two feet (minimum) of pelletized bentonite placed above
the sand pack.

Grout: Type II Portland cement grout poured into the annular space from
the top of the bentonite seal to land surface. A grout mixture )
consisting of approximately four pounds of bentonite to 94 pounds of
cement was used. The grout was allowed to set for at least 24 hours
before any well development activities.

Surface completion: PVC casing cut off to provide a 2- to 3-foot
stickup with a solid cap placed on the casing. A 4- to 6-inch square
steel well protector, four to five feet in length, was placed over the
exposed PVC casing, and seated in the cement. A locking cap is incor-
porated in the well cover. Steel guard posts were installed as
described in (8) below. The steel well protector and steel guard posts
were painted for corrosion control and visibility.

Alternate flush completion: PVC casing cut off two to three inches
below land surface, with a cast-iron valve box cemented in place. To
prevent any surface water infiltration, the valve box is slightly
elevated above land surface and the surrounding concrete is sloped away
from the well. The lid to the valve box is secured with allen bolts.
Most wells located on the heavy traffic areas of the Carswell AFB golf
course were completed flush with the land surface.

Guard pipes or posts: Three 3-inch diameter steel posts, six feet in
length, with a minimum of two feet below ground, installed radially four
feet from the wellhead (not emplaced for flush surface completion).
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Screen and casing sections were assembled, then lowered care-
fully into the borehole. As the string of screen and casing
was lowered, additional sections of casing were added until
the bottom of the screen reached the bottom of the borehole.
The top of the casing was capped to prevent any completion
materials (sand, bentonite pellets, and grout) from entering
the casing during well construction activities. Where heaving
or flowing sand was encountered, some well screens were
wrapped in a filter fabric and installed using a natural,
rather than artificial, sand pack. These wells were LFO04-4F
and -4H, and LFO5-5F, -5G, and -5H.

Except as previously noted, clean sand (Coarse, No. 8-20) was
poured carefully inside the annular space as the augers were
slowly withdrawn from the borehole. The sand pack was reg-
ularly measured by the supervising geologist until the level
of the sand was at least 2 feet above the top of the screen.
Bentonite pellets were placed above the sand to form a 2-foot
thick seal (minimum). If necessary, water bailed from the
borehole was poured down the annular space to hydrate the

bentonite.

Neat cement grout containing approximately four percent ben-
tonite was either emplaced through the augers as they were
withdrawn, or slowly poured down the borehole, if the for-

mation was sufficiently consolidated to remain open.

After completion of grouting, the casing was cut two to three
feet above land surface and a protective 4- to 6-inch diameter
steel casing protector with a lockable 1lid was cemented into
place. Three steel guard posts were then placed around the
well. If above-ground stickups were of concern in an area,
the well was completed flush with the land surface. For flush
completions, the 1id to the valve box was secured with allen

bolts.
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After all wells were completed, well locations and elevations were
professionally surveyed. Table 2-3 presents the elevations of the ground
surface, the wellhead, and the screened interval of the Upper Zone monitor

wells in the Flightline Area.

2.3.2 Paluxy Formation Well Construction

After drilling operations were completed as described in Section
2.1, two Paluxy Aquifer monitor wells were installed as follows: Screen and
casing, consisting of 5-inch diameter Schedule 80 PVC, were installed into the
10-inch diameter borehole. Screen length was 37.5 feet. Gravel pack material
(Texas Blast Sand No. lA) was placed in the annular space to a level of five
feet above the top of the screen. Bentonite pellets were added to form a 2-
foot thick seal, and the remaining annular space was sealed to the surface by
the tremie method using bentonite-cement grout. After the grout was allowed
to set for a minimum of 24 hours, the well was developed by bailing until a
sediment-free discharge was produced. A 1/3 horsepower stainless steel
submersible pump was installed after development. Protective casing, surface
electrical connections, and a concrete well pad were placed after the pump was

installed.

2.3.3 Well Development

After allowing the cement grout to set-up for a minimum of 24
hours, the Upper Zone wells were developed by either bailing using a bottom-
entry bailer or pumping with a Triloc® hand pump (1.7-inch diameter). As

previously stated, Paluxy Aquifer monitor wells were developed by bailing.

Water levels in some of the Upper Zone wells recovered slowly and
the wells were bailed dry several times. Other wells produced sufficient
water and were developed in a single effort, without a recovery period.
Development was considered complete when the water in the well was as sediment
free as possible. The pH, temperature and conductivity of the development
discharge water were measured and recorded at frequent intervals. The ground

water removed from the wells was placed in steel 55-gallon drums, sealed and
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appropriately labeled, based on field observations. Well development logs for
the most recently installed (1990) monitor wells in the Flightline Area are

provided in Appendix C.

2.4 Water Sampling

Both ground-water and surface water samples were collected from the
Flightline Area. The following subsections describe the sampling techniques
and methodologies for the various water samples collected during IRP Phase II1
investigations. Ground-Water and Surface Water Quality Sampling Records for
the most recent round of Stage 2 sampling, including measurements of pH,
conductivity, and temperature; and information such as volumes of water purged

prior to sampling are provided in Appendix D.

2.4.1 Surface Water Sampling

Surface water grab samples were collected directly in the clean
sample containers to minimize sample handling (and possible cross-contam-
ination). The samples were collected approximately six inches below the water
surface, or half-way between the water surface and the bed of the stream if
the stream was not six inches deep. During the most recent (1990) field
activities, surface water samples were collected at Farmers Branch, a small
tributary that runs into Farmers Branch, and two ponds located on the Carswell
AFB golf course. Additionally, during the most recent Stage 2 investigation
(1990), estimates of flow volume were made at each surface water sample

location at the time of collection.

Specific conductance, pH and temperature were measured on an
aliquot of each sample. Specific conductance and pH were measured with a
DSPH-1 meter and the temperature was taken with a mercury thermometer.
Alkalinity measurements were made in the field using a Hach Alkalinity Test
Kit (Model AL-DT) and digital titrator. Prior to obtaining the field measure-
ments, the pH meter was calibrated with pH 4, 7, and 10 standard solutions and
the conductivity meter was calibrated using either a 1413 or a 1504 umhos/cm

KCl conductivity standard solution.
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2.4.2 Ground-Water Sampling

Prior to sample collection, water levels were measured in each of
the monitor wells with an Olympic Actat water level meter, and were recorded
in a field notebook or on appropriate IRPIMS data collection forms. Measure-
ments were taken from the surveyed mark point at the top of the casing, and
read to the nearest 0.0l-foot. Between measurements, the probe and associated
electrical line were washed with laboratory grade detergent, rinsed with
potable water, and then rinsed with deionized water to reduce the possibility

of cross-contamination.

Before samples were collected, a minimum of three well volumes of
water were bailed from the well using a bottom-entry Teflon™ bailer attached
to a nylon monofilament line. This procedure ensured that representative
formation water was collected. Purged water was placed in 55-gallon drums for
final disposal pending the outcome of chemical analyses (provided to the Base
Environmental Coordinator). Between wells, all equipment used for bailing
operations was cleaned with laboratory grade detergent (Alconox), rinsed with
potable water, ASTM Type II Reagent Water (or approved equivalent), pesticide-
grade methanol, and finally pesticide-grade hexane. The equipment was allowed
to air dry completely before reuse. The nylon line was replaced between

wells.

Specific conductance, pH, temperature, and alkalinity were deter-
mined as described for surface water. On a few occasions, field measurements

could not be made due to instrument malfunction.

) After each well was purged of the required volume of water, ground-
water samples were collected using a Teflon bailer. After collection, samples
were placed directly into prelabeled sample bottles and preserved according to
the requirements listed in Table 2-4. Ground-water samples for dissolved
metals were filtered in the field. Samples were placed in ice chests with ice
and were shipped for overnight delivery to Radian’s laboratories in Sacramen-

to, California, or Austin, Texas; or were hand delivered to the laboratory in
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Austin., To ensure that sample integrity was maintained during shipping and
handling, custody seals were affixed to each ice chest and chain-of-custody

forms were completed and transmitted with the samples to each laboratory.

2.5 Aquifer Testing

Single-well in situ permeability aquifer tests (i.e., slug tests)
and an aquifer pumping test were performed to determine the hydraulic proper-
ties of the Upper Zone Aquifer in the Flightline Area. Following is a

discussion of the aquifer test methods.

2.5.1 Slug Tests

Slug tests were performed in 13 monitor wells (LFO4-4A, -4B, -4D,
-4E, -4G, LF05-5A, -5B, -5C, -5D, -5E, FT09-12A, -12B, and -12C) at the
Flightline Area, and results were used to calculate the hydraulic conductivity
of the Upper Zone Aquifer. The wells selected for slug testing represent a

range of hydrogeologic conditions.

The slug test evaluates the response of water levels in a well when
a "slug" (known volume) of water is instantaneously removed or added.
Typically, the response of the water level in a moderately permeable for-
mation, such as the Upper Zone at Carswell AFB, is quite rapid. By deter-
mining the behavior of the water level in the well in response to the stress
of the slug, the hydraulic conductivity of the aquifer material directly
adjacent to the well screen can be calculated. To perform these calculations,
the geometry of the well, aquifer boundary conditions, and initial water level
must be known. The hydraulic conductivities were calculated using the method

developed by Bouwer and Rice (1976).

The first step of the slug test was to measure the static water
level in the well. Next, a known volume of water was removed by bailing and
segregated for use as the slug. After the desired volume of water was removed
from the well, a pressure transducer and attached cable were lowered into the

well and suspended at a point just above the bottom of the well screen. The
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pressure transducer was connected to an In-Situ, Inc. Hermit 1000B automatic
data logger, capable of measuring and recording pressure changes on a log-
arithmic frequency, beginning every 0.2 seconds in the first few seconds of
the test. Before introducing the slug, the water level in the well was
allowed to return to static conditions. Then, as the slug was rapidly poured
in the well, the data recorder was activated to measure the response of the
water level. At least two slug tests were conducted at each well tested to

determine the reproducibility of the results.

2.5.2 Aquifer Pumping Test

An aquifer pumping test was performed to evaluate the hydraulic
characteristics of the Upper Zone deposits in the Flightline Area. One 6-inch
diameter well (LF04-03) was installed during field activities performed under
D.O. 4 Modification 0004 to accommodate the 4-inch submersible pump used in
the test. The pumping well was constructed of Schedule 80 PVC (slot size
0.020 inches) and was screened over the entire saturated thickness of the
Upper Zone. In order to measure the aquifer’s response to pumping, a 2-inch
diameter observation well (LF04-02) was also installed. The observation well
was installed about 50 feet north of the pumping well and was also screened
over the entire saturated thickness of the Upper Zone. All other construction

details were the same as for the Upper Zone monitor wells.

Pumping tests usually provide the means to stress an aquifer to
such a degree that reliable estimates of transmissivity, storativity, and
hydraulic conductivity can be made. These values are calculated using
drawdown and recovery data recorded in the pumping well and observation wells.
Each of these calculated parameters can ultimately be used to estimate ground-

water flow rates and contaminant plume migration.

Step Pumping Test

Prior to the start of the pumping test, a step test was performed
to assess aquifer response at multiple incremental pumping rates to determine

the optimum pumping rate for the aquifer test. The optimum pumping rate for
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the Flightline Area pumping test was determined to be the full capacity of the
submersible pump (Gould 1/2 HP, Model 10 EJ) or approximately 20 gallons-per-
minute (gpm). The pump was rated at approximately 25 gpm with the amount of
hydraulic head encountered in the pumping well. However, travel of discharge
water through over 300 feet of polyethylene pipe before ultimate discharge to
the City of Fort Worth sewer system reduced discharge rates because of
friction losses. Background water-level data in the pumping well and the near
observation well were collected electronically (at 10 minute intervals) with a
Hermit brand model SE1000B data logger for approximately 40 hours prior to the
step test. The background data are useful for defining natural trends (i.e.,
variability) in the Upper Zone Aquifer water level, such as increases from
recharge or decreases due to evapotranspiration. The background data can also
be useful in preventing misinterpretation of a water level decline as being

caused by pumping, rather than by natural factors.

Pumping Test

The pumping test was conducted on 21 and 22 June 1990, and ran for
20 hours. The pumping test began about 16 hours after the end of the step
test, when the measured water levels had recovered to over 99 percent of their
pre-step test levels. The 4-inch submersible pump (used in the pump and step
test) was powered by a 3500 watt portable generator. Pump test discharge
water underwent aeration before being discharged to the City of Fort Worth
sewer system, with air for the aeration provided by a portable 125 cfm air
compressor. During the step and pump tests, the pumping rate was determined
by timing discharge into a 5-gallon container with a stopwatch. All required
data from the aquifer test were recorded on IRPIMS Pump/Recovery Test Data

Collection Forms, included in Appendix F.

Because drawdown is more rapid at the beginning of a pumping test,
electronic recording of water levels (in the pumping well and nearest obser-
vation well) was in a logarithmic progression. Manual water level measure-
ments of seven additional Upper Zone monitor wells were also made at more
frequent intervals during the early stages of the test. During the test, pH,

conductivity, temperature and the visual characteristics of the discharge
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water were recorded at regular intervals. In addition, the pumping rate and
drawdown of the pumping well were periodically checked to ensure consistency
throughout the test, as wells will typically show a slow decline in discharge

with time as drawdown increases.

Electronic data logging equipment was periodically downloaded by
hand during the test. This allowed for construction of time-drawdown plots,
or hydrographs, in the field for all wells being monitored during the test.
These plots were used for preliminary determination of aquifer charac-
teristics. Discharge water was pumped into a temporary holding tank to allow
observation of water characteristics and recording of water quality data.
Periodically during the pump test, water samples going into the holding tank
(pre-aeration) and exiting the holding tank (post-aeration) were collected.
These samples were collected in 40 mL VOA vials, filling each approximately
two-thirds full with water. These water samples were allowed to sit in the
direct sunlight for several hours prior to a headspace analysis for volatile
organic content. During the time spent in the sunlight, volatile organics in
the ground-water volatilized to the overlying air column. The volatile
organic content of the headspace was measured with an HNu photoionization
detector (PID). This was accomplished by cutting a small slit in the Teflon"
septum in the cap of the vial and quickly inserting the probe of the HNu PID.
Comparison of the pre-aeration and post-aeration volatile organic concentra-

tions allowed for gross determination of the aeration system efficiency.

At the conclusion of the 20-hour ground-water pumping period, water
level monitoring and observations continued during the recovery period.
Recovery data were included on the hydrographs for each well. Data from the
aquifer pumping test were used to calculate hydraulic parameters for the Upper

Zone Aquifer.

A more complete description of the aquifer pumping test procedures

and methods of analysis is provided in Appendix F.

2-20



64 S8

2.6 Surveying

Land surveying activities were conducted by Brittain & Crawford,
Inc., Registered Land Surveyors, of Fort Worth. These activities consisted of
measurements of the horizontal location of wells, boreholes, hand-auger holes,
and surface water sampling locations in terms of State Plane Coordinates; and
of measurements of reference point elevations to an accuracy of + 0.01 foot.
The survey was conducted to an accuracy needed for a second order survey. All
of the data were provided as values posted on a map, and in tabular form

(Appendix E).
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3.0 PHYSICAL CHARACTERISTICS OF THE FLIGHTLINE AREA

This section describes the physical characteristics of the Flight-
line Area, with respect to local surface features, surface water bodies,
geology, and ground-water occurrence. The primary basis of this charac-
terization is interpretation of field and laboratory data obtained from the
Installation Restoration Program (IRP) at Carswell AFB, Texas. Radian
maintains a database containing all environmental data from the Flightline
Area developed during the Phase II Stage 2 field program using the U.S. Air
Force required Installation Restoration Program Information Management System

(IRPIMS) format.

3.1 Topographic Surface Features

The area in the vicinity of the flightline ranges from an essential-
ly level surface near the main (north-south) runway to gently rolling land
near tributaries of Farmers Branch at the golf course. Figure 3-1 shows the
location of the various surface features associated with the Flightline Area

(buildings, roads, IRP sites, surface water bodies, etc.).

The Soils Conservation Service has identified four soil associations
at Carswell AFB, however, only the Sanger-Purves-Slidell association occurs in
the Flightline Area (USDA, 1981). The Sanger-Purves-Slidell soils range in
thickness from 8-80 inches and are predominantly composed of clay loam. These
are nearly level to gently sloping clayey soils with a permeability ranging

from <4.2 x 1073 to 3 x 107" cm/sec.

All of the land is underlain by terrace deposits of the Trinity
River and fill material associated with the construction of the base runway
and taxiways. The terrace deposits have been moderately dissected by trib-
utaries of Farmers Branch. Elevations in the area range from approximately
625 feet mean sea level (MSL) at Landfill 3 (LF03) to 580 feet MSL at the
northern end of Landfill 5 (LFO5) and at Site 11 (FTO8).

3-1



64 61

‘gdV 119msae)

SBXa]

‘gaay 2ui13IY3 14 uj saanjeag 8oeJING JUBUTWOIJ

"1-¢ 2andyyg

£ES10
'
g
L
R
]
B

8y-¥041 <Tvow,_u _
01 ~7047 7
v 57 ;mohu m
dr-voae: \v““““\ <~_ oohu.
37i-6013p 5 6OL
82 -6014
ar-vo1°® \““mmww\ Y :
. -po1®  1-d* Y01 QZ1-60L4
70-v041 PO s on, S0 o-pon
- £0-¥0113 W-y041 . _Jmo
61-5041 o s VOuMo_,Nom;u,” ; *35-50.7
_ H=¥ON " _one V0L —L0dM
uoﬁa ¥5-6041
. 96-5041
° P
81-6047 001 -£0dMs - GOdT
\OEQS\NI\\
poweddn HG=G04Te ~c_ oo
, as-$01
.xoc - P
. ¢ _ ,
OV 44VIS & ri-s0n spuoy B5-5047¢
> .
e 811-8014
c 7)) soLd
S
< * vii-g0L4
2,
Q K mw :
y ‘
1, %, e
QQ&, r}.“ - "~ : !bm P :
Wy, - ¥ 70-501N

L6l AYMIXVL

1334
]H]ﬂ
00y 00C O
, %S:% anno¥
1
10-so4°

lI3M 10}|UOp o
JERER

as- £047e

HIYON

AVMNNY HINOS — HIYON

3-2



64 62

3.2 Surface Water

The main surface water bodies in the Flightline Area are Farmers
Branch, an unnamed tributary that flows into Farmers Branch, and two ponds on
the Carswell AFB golf course (Figure 3-1). Surface drainage in the Flightline
Area is generally to the north and east toward Farmers Branch. During the
Stage 2 investigation performed in 1990, water was present in tributaries to
Farmers Branch at 1) the southwest side of Landfill 4 (LFO4), 2) the eastern
side of Landfill 5 (LFO5) and Fire Department Training Area 2 (FT09), and 3)
the eastern edge of the Flightline Area (see unnamed tributary, Figure 3-1).
Southwest of Landfill 4 (LF04), the unnamed tributary flows over limestone and
shale outcrop, but becomes an influent stream as water percolates into terrace
(Upper Zone) deposits south and east of the landfill. The tributary west of
Landfill 5 (LFO5) and Site 12 (FT09) becomes effluent at Cody Drive where
terrace deposits are relatively thin. Farmers Branch ultimately discharges to
the Trinity River, located on the eastern boundary of Carswell AFB. The
evaluation of ground-water flow at the Flightline Area suggests that the
surface water bodies may receive ground-water inflow, and possibly con-
taminants associated with the ground water. A staff gage was installed in
Farmers Branch (Figure 3-1) and professionally surveyed during the additional
Stage 2 field activities. Symoptic ground-water and surface water-level
measurements made in June 1990 were used to evaluate Upper Zone ground-
water/surface water communication. A detailed discussion of this com-
munication is provided in Section 4 (Nature and Extent of Contamination) of

this report.

Estimates of flow volume in Farmers Branch and the unnamed tributary
were made. Flow volumes were calculated by measuring the width and average
depth of the stream(s), and then multiplying the resulting cross-sectional
area by the estimated flow rate. The flow rate was estimated by measuring the
length of time required for a floating object to travel a known distance.
Estimated flow volumes at the time of sampling (April, 1990) were 6.0 cubic
feet/second (cfs) for the four locations on Farmers Branch and 0.2 cfs for the

unnamed tributary. Water in the two ponds appeared stagnant at the time of
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sampling. Observed flow in Farmers Branch during field activities was

extremely variable, ranging from <5 to >100 cfs (following heavy rains).

3.3 Geology

Carswell AFB is located on the relatively stable Texas craton, west
of the faults that lie along the Ouachita Structural Belt. No major faults or
fracture zones have been mapped near the base. The regional dip of the rocks
beneath Carswell AFB is between 35 and 40 feet per mile in an easterly to
southeasterly direction. From youngest to oldest, the major geologic for-
mations found in the Flightline Area of Carswell AFB are as follows: 1)
Quaternary Alluvium, 2) Cretaceous Goodland Limestone, 3) Cretaceous Walnut
Formation, 4) Cretaceous Paluxy Formation, 5) Cretaceous Glen Rose Formation,

and 6) Cretaceous Twin Mountains Formation.

Subsurface geologic conditions in the Flightline Area were charac-
terized using indirect methods (geophysical surveys) and direct subsurface
sampling and lithologic logging during drilling operations. Most of the IRP
activities focused on the Upper Zone. The Goodland/Walnut Aquitard and the
Paluxy Aquifer in the Flightline Area were the deepest (oldest) units pene-
trated, and by only two monitor wells installed during the initial Stage 2
effort. The following subsections contain discussions of the geology in the

Flightline Area.

3.3.1 Quaternary Alluvium

Quaternary alluvium, deposited by the Trinity River, is found at the
surface throughout the Flightline Area site, as well as over most of the base.
The alluvium consists of floodplain and fluviatile terrace deposits of gravel,
sand, silt, and clay that occur as a veneer on the eroded surface of the
Goodland Limestone. The unconsolidated alluvial deposits and fill are
referred to as the "Upper Zone," a term initially applied to similar alluvial
deposits at AF Plant 4 (Hargis and Montgomery, Inc., 1983). The Upper Zone is
a hydrogeologic unit at Carswell AFB that is a mixture of clay, silt, sand,

and gravel of variable thickness and degree of saturation.
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Drilling on the base indicates that the alluvial deposits (and fill)
range from a few feet to greater than 45 feet of interbedded clay, silt, sand,
and gravel. The irregular thickness of the alluvium is due to depositional
events, stream channeling, and erosion. In general, silt and clay with
variable amounts of sand and gravel occur at the land surface down to depths
of five to 10 feet. Underlying the silt and clay is a sand and gravel unit
that normally increases in grain size with increasing depth. These strata
appear to be relatively continuous across the area of investigation, although
coarse gravel deposits occur in limited areas generally east of the Fire
Department Training Areas 1 (FTO8) and 2 (FT09). The sand deposits are fine-
grained to coarse-grained, tan to rust in color, and composed predominantly of
quartz grains. Gravel is mostly limestone and shell fragments ranging in size
from fine gravel to cobbles. A sand and gravel isopach map of the Flightline

Area is presented in Figure 3-2.

During the most recent drilling activities in the Flightline Area, .
efforts were made to characterize the paleochannels (old stream channel
patterns) believed to exist in the area. Examination of Figure 3-2 shows
thick sand and gravel sequences, indicative of channel deposits, to occur east
of Taxiway 197 and roughly paralleling White Settlement Road. Sand and gravel
thicknesses greater than 20 feet occur in an approximately 800 feet-wide area,
with White Settlement Road serving as the approximate median to the pattern.
Additional evidence of the channel pattern is seen in the eroded nature of the
bedrock in this area and the extensive limestone gravels (scoured bedrock).
The gravels were deposited as channel lag deposits on the scoured upper

surface of the underlying bedrock (Goodland/Walnut Formations).

3.3.2 Cretaceous Goodland Limestone and Walnut Formation

Underlying the alluvium are the Cretaceous-age Goodland and Walnut
Formations. Both formations consist of interbedded, fossiliferous, hard
limestone and calcareous shale, and are thus discussed together. The rock is
fractured and there is considerable jointing and flaking, which gives the
limestone a fractured appearance. These strata are generally dry, although

small amounts of water are occasionally present in the shale and clay units.
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The erosional surface of the bedrock is generally level across most
of the Carswell AFB area, with a pronounced rise in the southwest portion of
the base corresponding to the outcrop of limestone and shale. Table 3-1 shows
the depth (and corresponding elevation) to bedrock (Goodland/Walnut Formation)
at all drilling locations in the Flightline Area. Figure 3-3 is a contour map
of the elevation (MSL) of the top of the bedrock surface. The locally
irregular topography of the top of the bedrock is characteristic of an
erosional surface modified by fluvial processes, which is recorded by the

overlying sequence of interbedded fluviatile gravel, sand, silt, and clay.

The thickness of the Goodland/Walnut Formations, as observed during
the drilling of Paluxy wells P-1 and P-2 (Figure 3-1), is approximately 30-40
feet beneath the Flightline Area. However, because the top of the Good-
land/Walnut Formations is an erosional surface, the thickness in isolated
areas may be less than originally deposited. It has been reported that the
Quaternary alluvium and the cretaceous Paluxy Formation are in direct contact
at the eastern boundary of AF Plant 4, where the Goodland/Walnut Formations

were completely eroded away (Hargis and Associates, 1985).

3.3.3 Cretaceous Paluxy Formation

Beneath the Goodland and Walnut Formations lies the Cretaceous-age
Paluxy Formation, often referred to as the Paluxy Sand. The Paluxy Formation
is the deepest unit penetrated in the Flightline Area during the IRP efforts.
Regionally, the Paluxy Sand is divided into upper and lower sand members by an
intervening shale unit. The sands in the upper part of the Paluxy are
reported by drillers to be fine-grained and shaley. The lower sand member
generally consists of two separate and distinct sand strata, but the in-
dividual sand beds do not maintain constant thickness or lithology over long
distances. About one-half to three-fourths of the Paluxy is sand; the
remainder consists of clay, sandy clay, shale, lignite, silicified wood
fragments, and nodules of pyrite. In general, coarse-grained sand is in the
lower part of the Paluxy which grades upward into fine-grained sand with

variable amounts of shale and clay.
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TABLE 3-1. ELEVATION OF BEDROCK IN FLIGHTLINE AREA, CARSWELL AFB, TEXAS
Ground Level Depth to Elevation of Sand and Gravel

Location Elevation Bedrock Bedrock Thickness

1D (Ft, MSL) (Ft) (Ft, MSL) (Ft)
LF03-3A 633.47 18.0 615.5 0
LF03-3B 633.84 19.5 614.3 0
LF03-3C 635.39 12.0 623.4 0
LF03-3D 621.6 15.0 606.6 0
LF03-3E 622.87 16.0 606.9 0
LFO04-4A 624.6 18.0 606.6 11.0
LF04-4B 618.4 17.5 600.9 10.0
LF04-4C 610.9 29.0 581.9 23.0
LF04-4D 613.1 29.0 584.1 25.0
LF04-4E 617.5 33.5 584.0 28.0
LF04-4F 622.8 >35.5 <587.3 >29.5
LFO4-4G 619.1 39.5 579.6 30.5
LF04-4H 610.5 27.0 583.5 23.0
LF04-01 626.5 40.0 586.5 20.7
LF04-02 621.0 37.0 584.0 26.0
LF04-03 620.5 37.5 583.0 25.4
LF04-04 609.4 25.0 584.4 23.5
LF04-05 608.8 25.8 583.0 17.0
LF04-06 613.3 29.5 583.8 24.1
LF04-07 630.4 38.2 592.2 28.4
LF04-08 630.0 47.0 583.0 38.9
LF04-09 627 .4 47.0 580.4 37.4
LF04-10 626.9 49.0 577.9 36.3
LFO5-5A 619.4 31.0 588.4 13.5
LF05-5B 597 .4 8.0 589.4 3.0
LF05-5C 606.8 21.0 585.8 16.0
LFO05-5D 608.5 24.0 584.5 20.0
LF05-5E 623.9 >40.0 <583.9 >31.0
LFO5-5F 619.4 >37.0 <582.4 >33.0
LFO05-5G 612.0 29.0 583.0 21.0
LFO5-5H 608.4 25.0 583.4 11.0
LF05-01 619.3 25.0 594.3 6.9
LF05-02 620.0 27.0 593.0 2.1
LF05-03 620.6 27.4 593.2 12.2
LF05-04 617.3 28.0 589.3 5.3
LF05-05 616.1 26.0 590.1 6.0
LF05-06 598.3 7.0 591.3 6.5
LF05-07 598.0 5.8 592.2 4.0
LF05-08 606.8 14.5 592.3 2.5
LF05-09 604.9 14.0 590.9 10.5

(continued)
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TABLE 3-1. (Continued)

Ground Level Depth to Elevation of Sand and Gravel

Location Elevation Bedrock Bedrock Thickness

9)) (Ft, MSL) (Ft) (Ft, MSL) (Ft)
LF05-10 623.9 36.0 587.9 12.0
LFO05-11 597.6 10.0 587.6 3.0
LF05-12 594 .4 9.0 585.4 0.5
LF05-13 605.0 17.0 588.0 7.7
LF05-14 603.2 13.0 590.2 4.8
LF05-15 626.5 40.5 586.0 15.0
LF05-16 612.3 23.0 589.3 14.0
LF05-17 606.5 16.5 590.0 12.0
LF05-18 612.1 23.2 588.9 12.2
LF05-19 606.3 20.5 585.8 17.7
WP07-104 624 .2 >39.0 <585.2 26.5
WP07-10B 621.1 33.0 588.1 27.0
WP07-10C 615.4 31.0 584.4 20.0
WP07-10D 623.3 >29.0 <594.3 >13.0
WP07-10E 622.5 >29.0 <593.5 >17.0
WP07-10F 621.5 >29.0 <592.5 >20.0
FT08-11A 604 .8 13.5 591.3 9.5
FT08-11B 603.8 14.0 589.8 11.0
FT09-12a 632.0 18.0 614.0 7.0
FT09-12B 625.6 39.0 586.6 26.0
FT09-12C 625.5 31.0 594.5 15.0
FT09-12D 624.8 >36.0 <588.8 >21.0
FT09-12E 624.5 39.0 585.5 26.0
FT09-12G 629.2 - -- -- --
FT09-12H 629.1 25.0 604.1 6.0
FT09-121 629.2 24.0 605.2 5.0
FT09-12J 628.7 23.0 605.7 4.0
FT09-12K 626.7 >25.0 <601.7 >5.0

-- Not Determined

MSL - Mean Sea Level
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In the two Paluxy monitor wells (P-1 and P-2) installed during the
initial Stage 2 effort, drilling progressed through the upper sand member to
the intervening shale unit. The upper sand member ranged from 30 to 35 feet
in thickness and consisted of varying amounts of sand, sandstone, clay, and
shale. The shale unit separating the upper and lower Paluxy "sands" was

encountered at approximately 105 feet, below land surface in both P-1 and P-2.

3.3.4 Cretaceous Glen Rose Formation

Underlying the Paluxy Sand is the Glen Rose Formation, which
represents the seaward facies of part of the Twin Mountains Formation, being
deposited simultaneously to the north. The Glen Rose was not penetrated
during drilling in the Flightline Area, but typically consists primarily of

calcareous sedimentary rocks (limestone) and some sands, clays, and anhydrite.

3.3.5 Cretaceous Twin Mountains Formation

The Twin Mountains Formation, with the Glen Rose Formation capping
it, is the oldest Cretaceous-age formation reported in the vicinity of
Carswell AFB. In ascending order, the Twin Mountains Formation is divided
into the Sycamore Sand Member, the Cow Creek Limestone Member, and the Hensell
Sand Member. The Twin Mountains Formation does not crop out in Tarrant
County. The Twin Mountains Formation consists of a basal conglomerate of
chert and quartz, grading upward into coarse- to fine-grained sand inter-

spersed with varicolored shale.

3.3.6 Flightline Area Cross-Sections

Following the recent drilling activities at the Flightline Area, six

geologic cross-sections were constructed, showing borehole lithologies (as
well as the static water levels in the Upper Zone measured on 18 June 1990).
A location map for the newly constructed cross-sections through the site is

provided in Figure 3-4.
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Two of the cross-sections (A-A’' and B-B’) are oriented roughly west-
east and the remaining four are oriented roughly north-south (C-C’ through F-
F') through the site. All of the cross-sections intersect the relatively

thick sand and gravel sequence observed at the site (Figure 3-2).

Cross-section A-A’' (Figure 3-5) depicts the subsurface from the
Landfill 3 (LFO3) area to the area just east of Landfills 4 (LFO4) and 5
(LFO5) and the Waste Burial Area (WP0O7). An important feature in this cross-
section is the lack of sand and gravel in the borings completed in the
Landfill 3 area. There is a steep incline in the upper surface of the bedrock
(Goodland/Walnut Formations) between borings LF03-3E and LF05-15. Coincident
with the lower bedrock elevation in the vicinity of LF05-15 is the appearance
of relatively thick sands and gravels of the Upper Zone. This cross-section
is oriented through the thickest sands and gravels encountered in the Flight-
line Area (Figure 3-2). Boring locations from LF05-15 eastward all display a
fining-upwards sequence in the Upper Zone deposits, which is consistent with
alluvial deposition. The lower bedrock surface observed in the eastern half
of the cross-section is probably the result of stream erosion, as rounded
limestone and chert gravels (typical of channel lag deposits) rest directly on
the bedrock surface. These deposits are believed to coincide with the

location of a former channel (paleochannel) of what is now Farmers Branch.

In cross-section B-B' (Figure 3-6), another steep incline is
observed in the bedrock topography between monitor well locations FT09-12A and
FT09-12B. Paralleling the inclined bedrock surface is a steeply-dipping Upper
Zone water table. Fining-upwards sequences are seen in all borings included
in this cross-section, with gravels occurring on the eroded bedrock surface
east of FT09-12A.

Shown in Figure 3-7 is cross-section C-C'. Gravels only occur in
the middle area of the cross-section, with a relatively higher bedrock surface
occurring in the northern and southern reaches of the section. The steeply

inclined bedrock surface seen at location FT09-12A (B-B’) is also reflected

3-13



64 /3

sexa]l ‘g4v 11emsaesn ‘evaay aujlaydIld

‘,V-V uojloag-ssoan ojdotoen

"g-¢ @andyy

T3A3T V3S NY3N 3A08v 1333 'NOILYAIT3

00sr

A Ir-ron
029 Wv‘m vwb oM ?_asé
ooy £0-7041
owof uswaIsg M
ovel
1Sv3

_<

xG g 1:uoljosabboxy jod1paA
1334

00¥ 00z w

0-0 .
r-70 .toE-ﬂﬂ% Z,E)un no-: s1 lmO-—Jlxh,oﬁlll
om1x0)

[OAJU]| PRV i

. \ P0YS Puo FUCISIWS
0651 'L Sunc aAd] oM a lous P n
{ADJY PUD puDS

UoIIG-§S01Y [DUOIPPY Ul Pasn (D-D)
1900) 10§ —— puos
y204pag jo do] - —— s
1M JOWYON — YE-(031 (01910W 1114 puD ABiD

atc- no.j Xonuny wnos-wnN' ¥E-£041

Z

&
05
[
|72}
TNI5IT

€0 NS

Vanpenby
punoibispun

106S

1019

k24 1029

10£9

“0v9
1S3M

T3A3T VIS NVAN 3A08Y 1334 'NOILYA33

3-14



64 /4

sexal ‘gdy [1@msaen ‘ealy aulliyBIrd ‘,g-g uojioasg-ssol1) o918otoen -9-¢ aindig

NMOILAVEO4AdNOD |[DAJBIU] pBUBBIDS i
8|DYS PuD suojsawn
NYIQY . _
0661 ‘@l 8unp ‘|aAa7 Ja)oMm F 21016 pUD pUDS  FET3
U0I}08g—SS0J) |DUOCHIPPY Ul Pas( (.0-0)
uo
xm.mﬁco:o%%uouoxu [DI1}IBA }oDjU0) |10g —_— puos L
|
_ I RRERE yooupag jo do|  —ee-- ws [
00% 00¢ 0 UoNDI0T ||BM JOHUOW  (Ab—$04] IDUBYDW (114 pud Ao;) B
T NERER]
m 086 7 085
— == : R -t S
W wm mmm .............. 333 .
NIIU_ Omwm L MMM |20 mmm m,m. mmm //// n omm
= i oot feegt
) g & a 2alt 289 N
F 9 by \
M 009 f 2 EEN 1 009
-— /
&5 N I
019 iR 1019
m y0-v011 (,3-3) m@_ i i
= HY =041 av-¥041 E
™ 029r -1 0z9
Z | %
% 321-6014 | 7
T 0e9f _ ¥031 915 - TA R TR 1 4 0c9
m 604 *¥S yz1-6014
— 09~ = 0%9
18v3 LSIM
4 q

13A37 VIS NV3W 3A08V 1334 ‘NOILYA3T3

3-15



64 7S5

suexal ‘ddv l1omsiep ‘eaiv aullaydyrd ‘,n-p uojivag-ssoany oidojoan

"[-¢ @an3yyg

NolivdOd4NM0D

@ DAJBIU| PBUSBID
G NYIaw s o > : sjoys puo suoysewrl B
0661 '8l 8unp ‘|9A97 J31DM i
[9ADJS puD puos Pso3
UOI}09S—SS0JD [DUOHIPPY Ul Pas (.0-9)
XG'Z 1:u01}01abbDXT j0oIIaA 1o001U0D 10§ —— puos [ ]
_ E_E S wooipag J0 do]  —--o- ws (I
oy 00¢ 0 UOHDI0T (I3M JONUON  (0-GO41 (03N 4 puo Aoy P2
| | ONIOTT
m
=
> 0851 1085
g N R — =S
06 M\\ i : R | s | o S 065
= % :
& 009 a x F;z//////:/;;u i 4009
< ! )
m Nmi\\\\\\\\\Mﬂﬂlwohu Y1i-8014
& % % T 8014 S
= Z % ! _ ]
v 0729 09
& 78 % V$-5041
0 oggt ig__ho.: 0Z1-6014 10-¥041 Jogg
R g e
w EN|
HLNOS LTSS Ziam HLYON

30)

3-16



64 76

on this cross-section at location LFO4-4A. Monitor well FT09-12C occurs at
approximately the southern edge of the paleochannel deposits observed in the

Flightline Area.

Cross-section D-D’ is shown on Figure 3-8. Again, a relatively
thick sequence of coarse-grained materials occurs through the middle portion
of the cross-section. Southward from boring LF05-12, the coarse-grained Upper
Zone deposits thicken, with the thickest deposits occurring in the vicinity of
LFO4-4F. Monitor well LFO4-4F is the only location on this section where
gravels were found. Location LF04-4B, like LFO4-4A (C-C’), is located on a

relative high on the bedrock surface.

Geologic cross-section E-E’ (Figure 3-9) shows the thickest sequence
of Upper Zone sands and gravels occurring in the vicinity of LF04-4G. Monitor
well LFO4-4G occurs within the trend of the thickest Upper Zone sands and
gravels observed in the Flightline Area. The trend axis is situated approxi-

mately on White Settlement Road.

The easternmost cross-section through the Flightline Area, F-F’
(Figure 3-10), includes five newly installed ground-water monitor wells.
Although monitor well boring LF04-10 encountered the thickest sequence of
Upper Zone coarse-grained sediments, the potentiometric surface (derived from
water-level measurements taken on June 18, 1990) indicates ground-water flow
toward the location of LF05-19, rather than parallel to the depositional

trend, as might be expected.

3.4 Hvdrogeology

Five major hydrogeologic units exist beneath Carswell AFB. From
shallowest to deepest they are: 1) an Upper Zone of unconfined ground water
occurring within the alluvial terrace deposits associated with the Trinity
River; 2) an aquitard of predominantly dry limestone of the Goodland and
Walnut Formations; 3) an aquifer in the Paluxy Sand; 4) an aquitard of

relatively impermeable limestone in the Glen Rose Formation; and 5) a major
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aquifer in the sandstone of the Twin Mountains Formation. Only the first
three units were investigated in the Flightline Area during the IRP, with the
primary focus being on the Upper Zone. The Upper Zone was the only unit
studied in this most recent Stage 2 (1990) effort. Figure 3-11 shows the
general depth of occurrence and thickness of each of the major hydrogeologic
units expected in the Flightline Area. Descriptions and properties of the
hydrogeologic units are summarized in Table 3-2. The following subsections
present the hydrogeologic characteristics of each unit based on field data and

literature sources.

3.4.1 Upper Zone Aquifer

The Upper Zone ground water occurs within the alluvial deposits at
Carswell AFB. Low permeability is typical of this alluvium because of the
large amounts of clay and silt. However, there are zones of greater per-
meability in the sands and gravels of former channel deposits. Recharge to
the water-bearing deposits is local, from rainfall and infiltration from
stream channels and drainage ditches. The direction of ground-water flow is

generally controlled by the bedrock topography of the Walnut Formation.
3.4.1.1 Ground-Water Occurrence and Flow

Table 3-3 shows the results of the synoptic water-level survey
performed on 18 June 1990. Figure 3-12 is the resulting potentiometric
surface map of the Upper Zone Aquifer. Ground-water flow in the Upper Zone is
generally northeastward, toward Farmers Branch, a tributary to the West Fork

of the Trinity River.

From the outlet of Farmers Branch from the underground aqueduct
(which conveys the stream under the Flightline) the stream flows over bedrock
at the Goodland/Walnut Formation until it flows into the Trinity River on the
eastern boundary of Carswell AFB. The Upper zone ground-water flow through
the Flightline Area, being generally northeastward, intercepts Farmers Branch

in the northern and northeastern portion of the Flightline Area site. The
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Approximate Elevation,

Hydrogeoiogic Units Fest Above Geologic Units
Mean Sea Leve!
700 -
Upper Zone 600 - Alluvium

Goodland/Walnut Aquitard

Paluxy Aquifer

Glen Rose Aquitard

Twin Mountains Aquifer

400

300

200

100

-100

Goodland Limestone
Walinut Formation

Paluxy Formation

Glen Rose Formation

Legend:
]  Alluvium

% Limestone
Sandstone

Twin Mountains Formation

C1384

Figure 3-11. Generalized Hydrogeologic Units at Flightline Area,
Carswell AFB, Texas
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TABLE 3-3. RESULTS OF FLIGHTLINE AREA UPPER ZONE SYNOPTIC WATER LEVEL
SURVEY CONDUCTED ON JUNE 18, 1990

Measuring Point Depth to Water Level
Location Elevation Water Elevation
ID Time (Ft, MSL) (Ft) (Ft, MSL)
LF04-01 1553 629.24 28.98 600.26
LF04-02 1738 623.68 26.23 597.45
LF04-03 1735 623.25 25.67 597.58
LF04-04 1756 612.07 16.75 595.32
LF04-10 1801 626.54 30.49 596.05
LFO04-4A 1813 625.76 10.48 615.28
LF04-4B 1818 619.90 18.27 601.63
LF04-4C 1809 613.04 16.42 596.62
LF04-4D 1749 615.35 18.06 597.29
LF04-4E 1746 618.54 21.35 597.19
LF04-4F 1731 625.36 26.96 598.40
LF04-4G 1740 620.02 23.69 596.33
LF04-4H 1752 613.43 17.15 596.28
LF05-01 1545 621.96 18.14 603.82
LF05-02 1549 622.69 2486 597.83
LF05-14 1700 602.98 8.84 594 .14
LF05-18 1834 611.84 17.73 594 .11
LF05-19 1650 606.08 12.54 593.54
LF05-5A 1618 623.18 22 .67 600.51
LF05-5B 1708 600.45 3.73 596.72
LF05-5C 1627 608.68 9.56 599.12
LFO5-5D 1624 611.71 10.98 600.73
LF05-5E 1615 626.89 26 .60 600.29
LFO5-5F 1721 618.95 21.83 597.12
LF05-5G 1714 615.39 19.31 596.08
LFO05-5H 1711 610.62 14 .54 596.08
FT09-12A 1557 635.66 17.10 618.56
FT09-12B 1603 627.55 28.38 599.17
FT09-12C 1601 628.05 29.23 598.82
FT09-12D 1611 627 .45 28.13 599.32
FT09-12E 1606 627 .48 28.68 - 598.80
FT08-11A 1634 608.22 11.23 596.99
FT08-11B 1630 608 .14 8.63 599.51
WP07-10A 1620 626.70 26.68 600.02
WP07-10B 1728 624 .46 25.63 598.83
WP07-10C 1726 617.24 18.59 598.65
Staff Gage 1840 579.44 0.57 579.01

(1.0 ft mark on gage) (water reading on gage)
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Upper Zone sediments, which are up to 40 feet thick in areas west and south-
west of Farmers Branch, either thin to their eventual disappearance at the
stream or are exposed as sheer cliffs (cut-banks) near the stream. Field
reconnaissance revealed Upper Zone ground water seeping from the face of the

exposed banks.

The potentiometric surface map (Figure 3-12) includes water level
information from both the ground water and the surface water (surveyed at six
locations along Farmers Branch). Farmers Branch is shown to be a point of
discharge for ground water, as the Upper Zone hydraulic gradient is shown to

be toward the stream.

The area north of Farmers Branch in the Flightline Area has not been
investigated. However, visual observation has shown the area to be relatively
flat in the vicinity of the stream. Upper Zone deposits are probably thin in
this area. With Farmers Branch being a zone of ground-water discharge in the
Flightline Area, Upper Zone ground-water flow in the area north of Farmers

Branch would locally be toward the stream.

3.4.1.2 Hydraulic Characteristics of Upper Zone Aquifer

Slug tests were performed in twelve Flightline Area wells (April,
1988) and an aquifer pumping test was conducted (June, 1990) to determine the
hydraulic properties of the Upper Zone aquifer in the Flightline Area at
Carswell AFB. The following section presents a discussion of the characteris-
tics of the Upper Zone aquifer as determined from this testing. A more
thorough description of the aquifer pumping test procedures and analysis is

provided in Appendix F.

Slug Test Results

The ability of the Upper Zone alluvial deposits to transmit ground
water was initially characterized based on the results of single-well aquifer
tests (slug tests). These tests were performed as described in Section 2.2.5,

and analyzed according to the Bouwer and Rice (1976) method.
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The calculated hydraulic conductivity values ranged from 22.6 ft/day
(7.98 x 107 cm/sec) at well LFO4-4D to 1.2 ft/day (4.1 x 107 cm/sec) at well
LFO4-4A. The lowest calculated hydraulic conductivities were from wells known
to be located outside the main pattern of channel deposits observed in the
Flightline Area. The lowest calculated values were from test wells LFO4-4A

and FTO-12A (Figure 3-12).

The main limitation on slug tests is that they are heavily dependent
on a high-quality well intake (screened interval). If well development is
inadequate, measured values may be highly inaccurate (decreased con-
ductivities); conversely, if development is very thorough, the measured values
may reflect the increased conductivities in the artificially induced gravel
pack around the screen. In any case, slug tests usually provide aquifer
parameter values that are fairly representative of a small volume of porous
media in the immediate vicinity of the well. Aquifer pumping tests, however,
usually provide measurements of aquifer parameters that are averaged over a

much larger aquifer volume.

Aquifer Pumping Test Results

The data obtained during the June, 1990 Upper Zone aquifer pumping
test were analyzed by several methods. Following field plotting of time-
drawdown and distance-drawdown measurements, hand plotted observation well
drawdown and pumping well recovery data were analyzed by the Cooper-Jacob
method. 1In addition, a computer aquifer analysis program was used. The well
hydraulics interpretation program used was WHIP™, which can simulate and

analyze both drawdown and recovery tests.

The diagnostic procedures use semilog drawdown (Cooper-Jacob)
analyses and Theis recovery analyses to obtain preliminary estimates of the
transmissivity and storage coefficient. Theis curves are generated using
these values and are graphically compared to the observed data. Portions of
the generated curves can be "windowed"” so only reliable data are used for the

generation of final transmissivity and storage coefficient values. The
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equations used in the Cooper-Jacob analysis of hand-plotted drawdown and

recovery data is provided in Appendix F.

In addition to standard semilog and loglog plots, the effects of
various time transformations on the data as well as first and second deriv-
atives of the drawdowns were performed. Observing the derivative drawdown
plots was useful for determining that portion of the test data displaying
Theis behavior. Additionally, the Dupuit correction for water table con-
ditions was applied to all computer analyses and the initial estimates of
transmissivities and storage coefficients were optimized using an ordinary
least squares fitting criterion. The Dupuit correction allows for the
minimization of the irregularities inherent in field data and applies a more
sophisticated mathematical approach to the calculation of transmissivities and

storage coefficients.

Three different computer generated plots and analyses were deter-
mined to best represent the Upper Zone aquifer hydraulic properties of
transmissivity and storage coefficient. These were the observation well
(LF04-02) drawdown and recovery analyses and the pumping well (LF04-03)

recovery analysis.

Seven additional monitor wells were measured for response to the
pumping well during the test. These wells did not respond to pumping. Water
level measurements taken in these wells were plotted and are included in

Appendix F.

Table 3-4 shows the summarized results of the Flightline Area
aquifer pumping test analysis. Both the pumping well (LF04-03) and the obser-
vation well (LF04-02) are completed in the generally west to east trend of
relatively thick sands and gravels observed in the Flightline Area, and both
wells are screened across the entire saturated thickness of the Upper Zone
aquifer. The calculated hydraulic conductivity and transmissivity values fall

within the range for clean sands and gravels (Freeze and Cherry, 1979) which
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is consistent with the lithology for the Upper Zone aquifer. The storage
coefficient value calculated also falls within the range for clean, unconfined

aquifers.

The hydraulic conductivity calculated from the pumping test analysis
was significantly higher than that determined from prior slug testing. Based
on the limitations of the slug testing discussed earlier, the aquifer pumping
test results are more representative of the Upper Zone Aquifer characteris-

tics.

3.4.2 Goodland/Walnut Aquitard

The ground water present in the alluvium is separated from the
aquifers below by the low permeability limestones and shales of the Goodland
Limestone and Walnut Formation. The aquitard is composed of moist clay and
shale layers interbedded with dry limestone beds. Though the Formations are
primarily dry, drillers in the area report that small amounts of water enter
the borehole while drilling through the Walnut Formation, suggesting that
ground water may be moving through the Walnut Formation along bedding planes
(Hargis and Associates, 1985). The thickness of the Goodland/Walnut aquitard
is approximately 30-40 feet beneath the Flightline Area at Carswell AFB. This
thickness is based on two monitor wells drilled through the aquitard and
completed in the Paluxy Aquifer during the initial Stage 2 study (Radian,
1989). However, the top of the aquitard is an erosional surface and erosion
may have reduced the thickness of the limestone or eroded it entirely in
isolated areas, (e.g., at AF Plant 4 beneath Building 189 along Grants Lane,
the Goodland Limestone is completely absent and only three feet of the Walnut

Formation are present (Hargis and Associates, 1985)).

3.4.3 Paluxy Aquifer

The Paluxy Aquifer, the areal extent of which is shown in Figure 3-
13, is the shallowest bedrock aquifer underlying Carswell AFB. 1In the

Carswell AFB area, water in the uppermost part of the Paluxy Formation would
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naturally occur under confined conditions beneath the Goodland/Walnut aquitard
(except where the aquitard has eroded away, as discussed above). However,
extensive ground-water pumping in the Fort Worth area, including the City of
White Settlement, has lowered the Paluxy Aquifer potentiometric surface below
the top of the formation, resulting in unconfined conditions beneath the base.
Water-level measurements taken in the Flightline Area Paluxy wells (P-1 and
P-2), found the water level to be about five feet below the top of the for-
mation, or about 75 feet below land surface. With the Paluxy Formation having
an upper and lower sand member, and the lower member having larger grain size
and higher permeability, most water wells are completed in the lower section

of the Paluxy Aquifer.

Recharge to the Paluxy Aquifer occurs where the formation crops out
west of Carswell AFB in the AF Plant 4 area. The Paluxy Formation also crops
out north of the base in the bed of Lake Worth. The lake is a major recharge
point for the aquifer and creates a potentiometric high in its vicinity.
Regional ground-water flow within the Paluxy Aquifer is southeastward in the
direction of the regional dip. At Carswell AFB, ground-water flow is in-
fluenced by recharge from Lake Worth, which creates a potentiometric high, and
by ground-water withdrawals by the community of White Settlement. This
drawdown results locally in a more southerly flow direction within the Paluxy

Aquifer.

Transmissivities in the Paluxy Aquifer range from 1,263 to 13,808
gallons per day per foot (gpd/ft), and average 3,700 gpd/ft (CH2M Hill, 1984).
The Paluxy Formation thickness ranges from 140 to 190 feet, averaging 160 feet
in Tarrant County. The actual water-bearing thickness in the Carswell AFB
area probably approximates the formation thickness, but the aquifer is
separated into two distinct water-bearing zones, denoted as the upper and
middle/lower Paluxy. In some cases, the middle and lower Paluxy are also
separated by low-permeability layers. The Paluxy dips uniformly at a rate
ranging from 35 to 40 feet per mile and averaging 37 feet per mile. It is
encountered at increasing depths eastward, reaching a maximum depth of about
900 feet. During the Phase II Stage 1 Flightline Area investigation (Radian,

1986), short-term aquifer tests (pumping and recovery) were conducted in the
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Paluxy Aquifer monitor wells P-1 and P-2. Recovery test data analysis
indicates the transmissivity of the upper Paluxy is approximately 1750 gallons

per day per foot (235 square feet per day).

3.4.4 Glen Rose Aquitard

Below the Paluxy Aquifer are the fine-grained limestone, shale,
marl, and sandstone beds of the Glen Rose Formation. The thickness of the
formation in the vicinity of Carswell AFB reportedly ranges from 250 to 450
feet. Although the sands in the Glen Rose Formation yield small amounts of
water to wells in Fort Worth and western Tarrant County, the relatively
impermeable limestone is an aquitard restricting water movement between the

Paluxy Aquifer above and the Twin Mountains aquifer below.

3.4.5 Twin Mountains Aquifer

The Twin Mountains Formation is, geologically, the oldest formation
used for water supply in the Carswell AFB area. The formation occurs ap-
proximately 600 feet below Carswell AFB. The thickness of the formation
ranges from 250 to 430 feet.

Recharge to the Twin Mountains Aquifer occurs west of Carswell AFB,
where the formation crops out. Ground-water movement is eastward in the
downdip direction. Like the ground water in the Paluxy Aquifer, Twin
Mountains ground water occurs under water-table conditions in the recharge
area and becomes confined as it moves downdip. Transmissivities in the Twin
Mountains Aquifer range from 1,950 to 29,700 gpd/ft and average 8,450 gpd/ft
in Tarrant County. Hydraulic conductivities range from 8 to 165 gpd/ft? and
average 68 gpd/ft? in Tarrant County (CH2M Hill, 1984).
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4.0 NATURE AND EXTENT OF CONTAMINATION

The Carswell AFB IRP Phase II Stage 1 investigation (1984-85)
detected concentrations of TCE and other halogenated hydrocarbons in the Upper
Zone ground water in the vicinity of the flightline. In addition, con-
centrations of several metals exceeded federal drinking water standards in the
ground water. During Stage 2 (1987-88), additional work was done to define

the extent of the known contaminants present in the Flightline Area.

The primary objective of the addition (Modification 0004) to the
original Stage 2 Statement of Work was to further characterize the nature and
extent of various contaminants in the Upper Zone ground water beneath the
Flightline Area. Specifically, the goal was to define the eastern and western
boundaries of the known TCE plume under the Flightline Area, and to collect
additional data such that a remedial action could be designed and implemented.
In addition, an attempt to determine more conclusively the limits of the known

inorganic contamination in the various Flightline Area sites was undertaken.

4.1 Summary of QA/QC

Carswell AFB ground water and surface water may be characterized by
“the primary data set generated from samples collected during April and May
1990. QA/QC results indicate this primary data set was generated under
controlled analytical conditions. However, chemical concentrations should be
qualified during site interpretation to incorporate uncertainty in terms of
both measurement error and environmental variability. Qualifications to the

data include:

. Laboratory blanks indicate a potential for false-positive
results due to laboratory contamination for the following
analytes. Maximum concentrations found in laboratory blanks

are presented with specific analytes.

EPA 601 - tetrachloroethene 0.17 upg/L,
trichloroethene 1.3 pug/L,
EPA 325.3 - chloride 1.5 mg/L,
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Sw6010 - aluminum 0.53 mg/L,
beryllium 0.0023 mg/L,
copper 0.053 mg/L,
nickel 0.021 mg/L,
silver 0.051 mg/L,
strontium 0.0047 mg/L,
vanadium 0.025 mg/L,
zinc 0.044 mg/L,

EPA 365.2 or thophosphate 0.012 mg/L,

SW7421 lead 0.0099 mg/L.

. Field blanks indicated a potential for false-positive results

due to field contamination. Generally, field blanks contained
very low level concentrations for common organics and inor-
ganics. Natural sample results near laboratory and field
blank concentrations may be considered false-positive results
due to incomplete decontamination of sampling equipment or

air-borne contamination.

. Variability due to environmental sources and measurement
imprecision may be greater than expected for specific
analytes. For instance, ICAP interference check samples
indicated an interference for iron that caused 25% variability
for check samples. Generally, measurement imprecision is
greatest for results near the detection limit. As expected,
relative variability (i.e., coefficient of variation (CV))
increases near detection limits even though absolute variab-

ility is very small.

The results of the recent ground-water sampling effort are dis-

cussed in the following subsections.
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4.2 Results of Ground-Water and Surface Water Analyses

Ground-water samples from thirty-five wells were collected during
April and May 1990 for laboratory analysis. Seven surface water samples were
also collected. Since contamination was previously found to exist only in
those wells screened in the Upper Zone Aquifer, all ground-water samples were
collected from Upper Zone monitor wells. Figure 4-1 depicts the locations of
all of the most recent water sampling sites at the Flightline Area. Each
sample was submitted to Radian’'s laboratories for analysis of the organic and
inorganic constituents listed in Table 4-1. Both organic and inorganic con-
stituents exceeding EPA drinking water standards (Maximum Contaminant Levels,
or MCLs) had been detected in the Flightline Area in past sampling efforts.
An Informal Technical Information Report (ITIR) with analytical summary
tables, QA/QC data, sample cross-reference tables and chain-of-custody forms
for the recent ground-water investigation at the Flightline Area was provided
to the U. S. Air Force HSD IRP Program Office in September 1990 (Radian
1990d). Following is a brief summary of the quality assurance/quality control

(QA/QC) results for most recent Carswell AFB ground-water sampling.

4.2.1 Ground-Water Contamination

As indicated in previous Flightline Area sampling efforts, TCE was
the principal contaminant detected which exceeded EPA primary standards. The
only other organic constituent found to exceed federal standards was vinyl
chloride. Two organic compounds were detected in ground water with con-
centrations exceeding EPAs proposed MCLs; these included tetrachloroethene and

cis-1,2-dichloroethene.

Four inorganic compounds exceeded federal primary drinking water
standards in the most recent water sampling. Chromium was found in excess of
the respective MCL in three monitor wells. Lead, arsenic and mercury were

found in concentrations exceeding the respective MCLs in one well each.
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TABLE 4-1. SUMMARY LISTING OF ORGANIC AND INORGANIC ANALYTES,

FLIGHTLINE AREA, CARSWELL AFB, TEXAS

Inorganic Parameters

Organic Parameters Metals Non-Metals
1,1,1-Trichloroethane Aluminum Chloride
1,1,2,2-Tetrachloroethane Antimony Fluoride
1,1,2-Trichloroethane Arsenic Nitrate as N
1,1-Dichloroethane Barium Orthophosphate
1,1-Dichloroethene Beryllium Sulfate
1,2-Dichlorobenzene Boron Total Dissolved
1,2-Dichloroethane Cadmium Solids
1,2-Dichloropropane Calcium

1,3-Dichlorobenzene Chromium

1,4-Dichlorobenzene Cobalt

2-Chloroethylvinyl ether Copper

Bromodichloromethane Iron

Bromoform Lead

Bromomethane Magnesium

Carbon tetrachloride Manganese

Chlorobenzene Mercury

Chloroethane Molybdenum

Chloroform Nickel

Chloromethane Potassium

Dibromochloromethane Selenium

Methylene chloride Silicon

Tetrachloroethene Silver

Trichloroethene Sodium

Trichlorofluoromethane Strontium

Vinyl chloride Thallium

cis-1,2-Dichloroethene Vanadium

cis-1,3-Dichloropropene Zinc

trans-1,2-Dichloroethene
trans-1,3-Dichloropropene

- 45
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Contamination detected in the ground water of the Flightline Area
is limited to the Upper Zone Aquifer. The low permeability limestone of the
underlying Goodland/Walnut aquitard underlies the Upper Zone Aquifer. No
Flightline Area monitor wells are completed in the aquitard as past drilling
in the Goodland and Walnut Formations has shown the formations to be non-water
bearing. Ground-water samples from the Paluxy Aquifer, which underlies the
Goodland/Walnut aquitard in the Flightline Area, have had no detections of
contaminants. Therefore, the vertical extent of organic compound con-
tamination in the Flightline Area corresponds to the upper surface of the

Goodland/Walnut aquitard.

A detailed discussion of the pertinent organic and inorganic

constituents and ground-water quality indicators follows.

4.2.1.1 Organic Ground-Water Contaminants

Table 4-2 summarizes the findings of the laboratory analyses for
organic constituents in Flightline Area monitor wells, with respect to primary
drinking water standards (MCLs). TCE exceeded the MCL in 27 of the 35 wells
sampled. Vinyl chloride exceeded the MCL in seven wells.

Tetrachloroethene (PCE) was detected in a total of six wells, and
exceeded the proposed MCL in three wells. The proposed MCL for cis-1,2-
dichloroethene was exceeded in samples from 23 of the monitor wells in the
Flightline Area. This compound was detected in 30 of 35 wells in the Flight-
line Area. Trans-1,2-dichloroethene, another isomer of dichloroethene, was
also detected frequently in the Flightline Area, but at significantly lower
concentrations than the cis- isomer. The proposed MCL (100 ug/L) for the

trans- isomer was never exceeded by Flightline Area water samples.

Following is a more detailed discussion of organic constituents

detected in the ground water of the Flightline Area.
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Trichloroethene

Figure 4-2 depicts an isoconcentration contour map of the trichlo-
roethene (TCE) plume as it was detected in the Spring, 1990 sampling effort in
the Flightline Area. The concentration of TCE in the ground water was
reported at maximum levels in monitor wells LF04-4G and LF04-02, with detected
values of 4400 and 4000 micrograms per liter (pug/L), respectively. The
defined TCE plume has an aerial extent of approximately 50 acres, with most of
the contamination underlying the base golf course. The limits of the plume
are fairly well defined laterally, but not in the upgradient and downgradient
directions (the extreme eastern and western portions of the Flightline Area).
In the west, a concentration of 2700 ug/L was detected in monitor well LFO5-
01, with no accompanying upgradient well analyses to allow for contaminant
concentration contouring in the western direction. Detected concentrations of
1200 and 1300 pg/L TCE in monitor well LF05-5A and LF05-5E, located hydraulic-
ally upgradient of Landfill 5 but with no near upgradient wells, prevents
definition of the TCE plume along that upgradient edge. The ground-water flow
direction (Figure 3-12) in the vicinity of monitor well LF05-01 is away from
wells LFO5-5A and LF05-5E, suggesting that contaminant plume migration
deviates somewhat from the general ground-water flow pattern. Therefore, the
contamination observed in monitor well LF05-01 could be continuous with that
detected in LF05-5A and LF05-5E, but insufficient data from the intervening
area make such a correlation speculative. Evidence of "black staining" at
39.5 feet in the log of borehole LF05-15, located between wells LF05-01 and
LF05-5E, may be evidence of the TCE contamination being continuous between the
wells. The TCE plume appears to intersect Farmers Branch (Figure 4-2) in the

northeastern portion of the Flightline Area.

Figure 4-3 is a thickness map of the sand and gravel deposits in
the Flightline Area. The thick sand and gravel sequences evident on a east-
west linear trend through the Flightline Area are thought to represent a
paleochannel, which is the depositional remains of a former stream channel.
Past reports have suggested that, due to the greater density of TCE with
respect to water, coupled with the increase in available porosity and per-

meability, the contamination will tend to migrate preferentially along
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paleochannels filled with basal sands and gravels. When compared to the
isoconcentration map of the TCE plume (Figure 4-2) this preferential migration
is clearly evident, as the configuration of the plume and the zone of maximum
concentrations closely resembles the location and configuration of the
thickest Upper Zone sand and gravel sequences. Also of importance is the
pattern of the relatively thick sand and gravels on the western side of the
Flightline Area sites. Although data are sparse in the northwestern portion
of Figure 4-3, it appears the thicker sands and gravels might trend westward
on a line just south of LF05-01. The bedrock surface (Figure 3-3) is also
relatively low in the vicinity of LF05-01. Both of these situations make the
likelihood greater that contamination detected in monitor well LF05-01 is
continuous with that in wells LF05-5A and LFO5-5E.

The center of the TCE plume appears to be bimodal and is located
hydraulically downgradient from Landfill &4, with TCE concentrations above 3000
ug/L covering an area of approximately 6.5 acres. The apex of the TCE plume
does appear to have shifted since the last ground-water sampling effort, which
took place in April 1988. Figure 4-4 represents an isoconcentration contour
map of the results of the April, 1988 ground-water sampling. By comparing the
plume shape and concentration distribution shown on the April, 1988 isoconcen-
tration map with that on the Spring, 1990 map, the plume appears to have
migrated in an easterly, hydraulically downgradient direction. In addition,
the maximum concentration observed between the two sampling efforts has
decreased, from 6400 ug/L in April 1988 to 4400 ug/L in the most recent
analysis. The potential significance of this decrease with respect to the
fate and transport of the contaminants in the ground water will be discussed
in Section 5 of this report. While the migration and degradation of the plume
is consistent with the physiologic and hydrogeologic setting of the Flightline
Area and the nature of the éontaminant, some degree of analytical variability
is inherent between any two laboratory analyses occurring over time. Con-
tinued monitoring of the wells in the Flightline Area will be necessary to

confirm apparent trends in contaminant migration.

Multiple sources have been postulated for the organic contamination

found in the subsurface in the Flightline Area. The disposal methods and
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types of waste material believed to be present at Landfills 4 and 5 (LF04 and
LF05) and the Waste Burial Area (WP0O7) are consistent with the types and
amounts of contamination observed in downgradient wells. In addition, it is
reasonable to assume that infiltration of some residual flammable solvents
associated with the fire training activities at Site FT09 has occurred.
Repeated evidence of TCE contamination in monitor wells located hydraulically
upgradient of these sites indicates the existence of additional upgradient
source(s). In the 1990 sampling, TCE concentrations of 1300 upg/L and 1200
pg/L were detected in monitor wells LF05-5E and LF05-5A, respectively, located
upgradient to Landfill 5.

Air Force Plant 4 has been identified in past reports (Radian,
1986; Radian, 1989) as the probable upgradient source, but limited well
control and lack of contemporaneous analytical data from the western and
northwestern Flightline Area preclude this interpretation. A TCE concentra-
tion of 2700 pwg/L in monitor well LF05-01, in the extreme northwestern portion
of the Flightline Area (Figure 4-2) supports the existence of a significant
source to the northwest. Further evidence is provided by the contamination
detected around Site FT08. Monitor well FT08-11B was found to contain 35 ug/L
TCE. While this well is downgradient to the site, no contamination was
detecﬁed in previous sampling efforts, and the site is not considered a

contributor to the main TCE plume.

Contamination in the subsurface associated with Site FT09 was not
considered associated with the primary TCE plume in the RI/FS Stage 2 report.
Evidence cited included the absence of ground water in boreholes beneath the
site and ground-water contamination being limited to monitor wells which
potentially receive runoff from the site. During the most recent inves-
tigation, TCE contamination was detected in each of the three wells at the
site, suggest that, whatever the actual source, the contamination can be
logically addressed along with the principal TCE plume for the purpose of this
report. As with the other Flightline Area sites, the contamination may have
resulted from activities conducted at the site, or may be from an upgradient

source.,
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Although there is significant evidence for one or more upgradient,
non-Flightline Area source of TCE contaminations in the shallow ground water,
the increased TCE concentrations detected in the ground water as it moves
through the Flightline Area suggest wastes previously disposed of in the
landfills and waste burial area are point sources contributing to the overall

contaminant plume.

Vinyl Chloride

Vinyl chloride was the second most dominant contaminant in the
Flightline Area, exceeding the MCLs in seven wells. Figure 4-5 illustrates an
isoconcentration map of the vinyl chloride concentrations in the Flightline
Area. Unlike the TCE plume, the vinyl chloride plume appears to be composed
of several smaller zones of contamination, with the principal area being

associated with Landfill 5.

Each of the wells in the main plume in which the vinyl chloride was
detected is immediately hydraulically downgradient of Site LFO5. The maximum
concentration of vinyl chloride detected in the Flightline Area was 170 ug/L
in monitor well LF05-5C. This well constitutes the apex of the main plume.
Lesser amounts were detected in LF05-5B and WP07-10C, with 160 ug/L and 49
ug/L, respectively. Vinyl chloride was also detected in this area in the
April, 1988 ground-water sampling effort. None of the sampled monitor wells
located hydraulically upgradient of Site LF05 contained vinyl chloride,
suggesting Site LFO5 is the source of the main Flightline Area vinyl chloride

plume.

Four additional wells contained vinyl chloride above the EPA MCL.
Well LF04-4C contained vinyl chloride at 13 ug/L, which is a higher con-
centration than was detected in the April 1988 sampling, in which 3.8 ug/L was
detected. This is the only well downgradient from Site LFO4 in which vinyl
chloride has been detected. Vinyl chloride was also detected in LF05-01 (100
pg/L), again suggesting a contaminant source upgradient from the Flightline

Area. Since vinyl chloride may be a primary contaminant or one of the
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daughter products of TCE and multiple sources have been postulated for the
contaminants present in the Flightline Area, it is difficult to pinpoint the
exact source(s) of the vinyl chloride present in any individual well. The
chemical inter-relationship between vinyl chloride, TCE and the other organic

contaminants detected in the Flightline Area is discussed in Section 5.

Tetrachloroethene

The presence of tetrachloroethene (PCE) was confirmed in six
monitor wells in the Flightline Area. The EPA PMCL of 5.0 pg/L was exceeded
in three of these six wells. Due to the limited number of PCE detections in
the Flightline Area ground water, an isoconcentration map was not prepared.
Table 4-3 provides the laboratory results showing levels of PCE detected in

each of the six monitor wells.

Two of the three wells found to exceed the PMCL for PCE were at
Site FT09 (FT09-12B and FT09-12C). Monitor well FT09-12B had the highest
confirmed level of PCE at 30 pg/L. PCE was not detected at this site during
the April, 1988 sampling event. However, because PCE can be a precursor of
TCE, the PCE contamination detected in the Flightline Area is probably related
to the TCE and will be discussed in conjunction with the TCE plume in this

report,

Total-1,2-Dichloroethene

The presence of cis-1,2-dichloroethene (cis-1,2-DCE) was confirmed
in thirty monitor wells in the Flightline Area, with concentrations ranging
from 0.37 pg/L to 730 ug/L. Trans-1,2-dichloroethene (trans-1,2-DCE) was
confirmed in six wells, with concentrations ranging from 0.72 to 44.0 ug/L.
Trans-1,2-DCE was detected only in wells in which cis-1,2-DCE was also
detected. Because trans-1,2-DCE and cis-1,2-DCE are isomers, they will be

considered together as part of the total-1,2-DCE plume.
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TABLE 4-3. SUMMARY OF GROUND-WATER SAMPLES WITH CONFIRMED CONCENTRATIONS
OF TETRACHLOROETHENE, SPRING 1990, CARSWELL AFB, TEXAS

Well Number

Tetrachloroethene Concentration (ug/L)

LFO4-4C

LF05-02

LF05-19

FT09-12B

FT09-12C

FT09-12E

3.1

0.55

17.0

30.0

8.1

0.82
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Figure 4-6 illustrates an isoconcentration contour map for 1,2-DCE
in the Flightline Area. As in the case of the TCE isoconcentration contour
map, the apex of the plume is bimodal. The two 1,2-DCE nodes are located
hydraulically downgradient of LF04 and LF05, respectively, and each is of the
same relative magnitude of concentration. Further similarity to the TCE plume
includes a lack of definition in the eastern and western margins of the plume.
Monitor well LF05-01, in the extreme northwest portion of the Flightline Area,
had a detected level of 1,2-DCE of 240 ug/L. This level of contamination,
coupled with multiple confirmed detections of 1,2-DCE in wells immediately
upgradient from sites LF04 and LF0S5, strongly support the presence of an
upgradient contamination source. A confirmed detection of 540 ug/L of 1,2-DCE
in monitor well LF04-04, in the southeastern portion of the Flightline Area,
again makes it impossible to enclose contaminant contours in that area with

confidence.

Other Organic Contaminants

Several other purgeable halocarbons were detected in the ground
water in the Flightline Area (Table 4-2). These include the detection of
1,1,1-trichloroethane, 1,1-dichloroethane, 1,l1-dichloroethene, 1,4 dichloro-
benzene, chlorobenzene, chloroethane, and methylene chloride. None of these

compounds were detected in levels exceeding current EPA standards.

4,2.1.2 Inorganic Ground-Water Constituents

Four inorganic constituents, arsenic, mercury, chromium and lead,
identified in the shallow Flightline Area ground water exceeded MCLs in
unfiltered samples. However, based on the nature of the metal occurrences,
they are not considered indicative of a ground-water contaminant problem at
the site. Following is a discussion of inorganic contaminants detected in the

shallow ground water of the Flightline Area.
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4.2.1.3 Metals

Total arsenic and mercury were each detected above MCL values in
unfiltered samples from single monitor wells in the Flightline Area. Table 4-
4 shows the metals detected above MCLs. Total arsenic (MCL = 0.05 mg/L)
narrowly exceeded the limit (by 0.003 mg/L) in the well in which it was
detected (LF05-02). Total mercury exceeded the MCL by 0.0042 mg/L in FTO09-
12D. Total Arsenic was detected in concentrations above the MCL in eight
monitor wells in the Flightline Area during the April 1988 sampling, but

mercury was not detected.

Total lead was found to exceed the MCL of 0.05 mg/L in two monitor
wells in the Spring 1990 sampling effort, as compared with total concentra-
tions above the MCL in eight wells in the April 1988 sampling. Total chromium
exceeded the MCL of 0.05 mg/L in three wells in the Spring 1990 sampling, as
compared with twelve in 1988. No two total metals concentrations were found
above established MCLs in the same well. The total lead contamination
detected in monitor wells LF05-01 and LF05-14 exceeded federal standards by a
maximum of 0.021 mg/L. Total chromium was detected at a maximum of 0.15 mg/L

above federal standards in monitor well FTO8-11A.

Figure 4-7 depicts the locations of the seven wells in which MCLs
for total metals were exceeded. The random distribution of the contaminants
makes delineation of a specific source difficult. Multiple man-made, as well
as natural sources are possible for the detected metal concentrations. In
general, the metal concentrations detected in Flightline Area wells were less
than those reported from previous sampling events. Metals such as cadmium and
barium, detected in several wells at total concentrations exceeding MCLs in
the April 1988 sampling event, were not detected at levels above MCLs in any

wells in the Spring 1990 sampling effort.
As stated above, no two metals were detected in excess of MCLs in

the same well. 1In addition, in each case where a MCL was exceeded, the

reported concentration was for total rather than dissolved metal. Total metal

4-20



64 114

* (IOK) 19497 IueulwWEIUO) WNWIXEW - W

ipeaeuBisap £7 piepuels ydJ,

0 (ng) (L€ (se) w¢ 09L-0°6 00°6-00"6 SPTTOS PaAa10ssIQ Tw3a0L
0 (sg) (e (6e) ¢ or1-2°¢ 0°02-02°0 3ezIng
0 (6) o1 (s¢e) %¢ L50°0-TT0°0 10°0-10°0 s3eydsoydoyazg
0 (s¢) (¢ (se) w¢ 7°9-%20°0 02°0~-20°0 N s® 33®237N
0 (s¢) (€ (s¢) ¢ 0°1-2°0 0T°0-0T°0 (W) 0°y apTIONITSL
0 (sg) (e (sg) ¢ TL-T°¢ 00°T-00"T1 -- 3PT1I0TYD
s 1®Id-uoN
0 (1€) 6§ (g¢) ¢ ¢10°0-%20°0 22 °0-20°0 -- osuiz
0 (71) 91 (s¢) w¢ €10°0-520°0 220°0-20°0 unjpeur)
0 0 (5¢) ¢ aN T1°0-0T°0 umy1Teyl
0 (s¢) w¢ (g€) ¢ 1°'1-620°0 €€00°0-£00°0 umy3luoalsg
0 (S€) %L (g€) ¢ 20T1-0T1 0T°1-00°1 wnipos
0 (8) o1 (e) w¢ L20°0-T10°0 TIT°0-10°0 (W) s0°0 I3ATIS
0 (S€) w¢ (g€) n¢ 0t1t1-2°% 0T°T-00'T uod111s
0 0 ($g) 8n1 aN £€°0-500°0 (W) o10°0 umjuaias
0 (£1) oC (5€) ¢ 0T-T€0°0 0€°€-00°¢ amisselod
0 (z1) 21 (sg) we 21°0-220°0 ¢20°0-20°0 T®PIN
0 0 (s€) "¢ aN §50°0-50°0 wnuapqAToW
(1 ) ¢ (s¢) ¢ ¢900°0-5200°0 8100°0-2000°0 (W) 2000 £anoxay
0 (s¢) 09 (se) ¢ 00°$-2T0°0 I1°0-10°0 -- esaussuey
0 (S€) we (sg) ¢ 0C-%"¢ 0T°1-00°T umisausey
(2) z (vg) SS (sg) 8n1 60°0-£00°0 §50°0-£00°0 (K) so0°0 pea1
0 (sg) 29 (sg) ¢ 19-1T%0°0 770°0-%0"0 -- uolxy
0 ) 6 (se) % L90°0-920°0 220°0-20°0 -- 1addop
0 (6) 21 (ge) ¢ 6£0°0-2T10°0 110°0-10°0 3T®qo3
(€) ¢ (Z1) €1 (sg) ¢ 02°0-ST0°0 110°0-T10°0 (W) so0°0 umiwoIyyp
0 (sg) w¢ (5e) w¢ 0%L-66 00°2-00"T1 umioTed
0 0 (sg) ¢ an §500°0-500°0 (W) 10°0 unijwped
0 (n) ¥ (se) ¢ 26°'0-T90°0 99°0-09°0 uoixog
0 ) 2z (sg) ¢ 700°0-€00°0 2200°0-200°0 ump1T4Isg
0 (sg) w¢ (s¢g) e L"°0-40°0 T10°0-T0°0 (W) 0°1 aniieqg
(D1 (v2Z) 2t (€3 9X:1¢ £€50°0-T%00°0 €€°0-900°0 (W) s0°0 Sjuasay
0 0 (sg) ¢ aN T1°0-0T°0 Luowyjuy
0 (sg) 6¢ (sg) ¢ ¢5-¢tT°0 0%°0-02°0 umutan 1y
sTeIal
(STTM (ST19M 30 °ON) (S1T19M paavalaqg £37ury 7 (7/8uw) . I3j3weieg [edjilieuy
30 ‘oN) paivailaQq 30 ‘ON) 83UINITISUO] FO uot3IoNlIaq jo L(TOW)
T0H V43 UINITISUOD YITM uanatTaIsuo) SUOTILIIUIOUOD afuwmy pawvpuris y43l
Suypaaoxy 103 sasdTeuy Jo aBuey

S$9]dWes jJO Iaquny [®€3I0]

‘0661 ONIVAS

‘SI1NSTY HNITIWVS ¥ALVM-ANNOYD

SVX4dl ‘9ddV TTIMSYVD

OINVOUONI 40 AYVHRKIS

“¥-% ATIVI

4-21



sexal ‘gJdv TIomsae)

(3u, _ es

M O._. ‘. su _ seq,
‘paiy SUIT3IYSITd ‘PoOpPo20Xy 219M STBISN 103
STOW Vdd YOTuM ul (sisqumyN TTSM @109) STIeM I03TUOl Jjo UoIled07]

"L-% 2an314

Z9€19

ic-o amos
s
! 1334
o 00¢ O
61-5041 ®

[ J
01-v041
[ ]

Y0-7041
e —
s 15-S0N

(wniwoiyy)

o /6w 1500

®g81-5041

dv-vos. vr-r0a |
AE:_EoEov
._\ms nooo : Cile i
e - ®vzi-s0us
or-rone :
kil $B0Ld
) -eou g
—von® /7 i (Knorap)
ar-rod o 1/5WZ3000
[ ] -
o aZi-6014
w-voi, .
10-v041
10-v04} b :
‘ ® -
N . . 36-5041
97-7041
- ® 80}-L0dM °
=504 L0dM YO1=£0dM
o
3 %
o ° S
96-5041 ¥§-5041 =<
. N . <
J0L-L0dme mOnmwm
HE=5041 1
[ ] - B
(poa7) d§-sod as-s0
J\me 90'0
*¥1-5047 85-5041e !
Spuoy
£5-5041 - ® gi1-8014

1S~5041

@ 80.Ld

(wniwouyd)
/6w 0z'0
<— 1-80lL4
(oruasty)
/6w £60°0 o
i 70-50471°

5|dwDS J9}DM 9004INS w

[I9M J0}UON e

RUINEREN
HL4ON
oN0
o3 ’
sa'liod

10— mob

4-22



64 116

analyses are performed on unfiltered samples and as such may yield artificial-
ly elevated metal results, because fine suspended material in the unfiltered
sample can break down during sample acidification releasing additional metals
ions into the fluid medium. The dissolved metals analyses, performed on
field-filtered samples, are considered more representative of the actual
ground-water chemistry. In light of this, there is little evidence to support
the existence of metal contamination in the Flightline Area at this time. In
addition, the fact that a dissolved metal analysis was not performed during
earlier sampling efforts, suggests that the previous data on metal contamina-

tion in the Flightline Area are inconclusive.

4.2.1.4 Ground-Water Quality Indicators

Analysis of numerous anions and cations was performed on samples
from each monitor well in the Flightline Area to aid in the determination of

ground-water quality. These included:

. Calcium;

. Magnesium;
. Potassium;
. Sodium;

. Chloride; and

. Sulfate.

In addition, total dissolved solids (TDS) were analyzed. Table 4-5 lists the
averaged concentrations for each analyte by site (in the Flightline Area), as
well as the overall average for the entire Flightline Area, weighted by site.
Also, a range of concentrations for each analyte (except potassium) is
provided which is considered ‘'typical’ for Tarrant County. Concentrations for

each analyte are in milligrams per liter.

At each site, calcium concentrations are elevated above the 'typ-

ical’ range. In contrast, sodium concentrations fall uniformly below the
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given range. This is considered normal in ground water moving through lime-
rich soils, such as those in the Flightline Area. All other ground-water
quality indicator concentrations fall within the given range except the
average chloride concentration in site FT09, which falls slightly below
normal. Of significance is that a pronounced uniformity is evident between
each of the sites in the Flightline Area, strongly suggesting an overall
aquifer continuity, and further implying that the contaminants in the subsur-

face beneath each site are likely a part of the same contiguous plume.

4.2.2 Surface Water

Seven surface water samples were collected from the locations shown
in Figure 4-8. Samples were collected from four locations along Farmers
Branch, one from the unnamed tributary to Farmers Branch, and one each from
the two small ponds near the golf course maintenance headquarters. Surface
water sampling sites were selected both to characterize the nature and extent
of surface water contamination and to determine the relationship, if any,
between surface water and ground water contamination. Surface water samples

were also collected during the Phase II Stage 1 investigation (Radian, 1986).

4.2.2.1 Organic Contaminants

Table 4-6 summarizes the Spring, 1990 analytical results of organic
constituents in surface water samples, with comparison to federal drinking
water standards. Trichloroethene (TCE) was confirmed in all surface water
samples, with federal MCLs being exceeded at five locations. Confirmed
concentrations ranged from 1.8 ug/L at LF05-S3 to 1400 ug/L at LF05-S7. The
elevated concentration at site LF05-S7 strongly suggests communication between
the ground water and surface water at that location, as the concentration
detected falls within the TCE isoconcentration contours generated for the
ground-water analysis (Figure 4-2). Lower concentrations of TCE in samples
collected from the upstream portion of Farmers Branch appear to be the result
of an upgradient contaminant source. This is particularly evident at surface
water sample location LF05-S1, which is located where the underground aqueduct

emerges following transporting Farmers Branch water under the runway area of
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Carswell AFB. Surface water at this location has yet to be influenced by any
Carswell AFB waste sites, as it is transported through a concrete conduit from
the vicinity of Air Force Plant 4. Any contamination in a sample from this
location is due to upgradient sources in the direction of Air Force Plant 4
further upstream. Surface water sampled at this location contained a TCE con-

centration of 39 ug/L, which is above the MCL of 5 ug/L.

TCE was also confirmed in the Phase II Stage 1 investigation. Two
rounds of samples were collected, with TCE being detected upgradient of Site
LFO4 in both rounds and immediately downgradient from Site LFO5 in the second
round. No detected levels of TCE exceeded the MCL. No relationship was es-
tablished between surface water and ground-water TCE concentrations during the

Stage 1 study.

Vinyl chloride was the only other volatile organic compound detec-
ted in the surface water samples in excess of current MCLs during this
investigation. Vinyl chloride was detected in two samples from the golf
course ponds (LF05-S3 and LF05-S4). The MCL for vinyl chloride was exceeded
in LF05-S3 where a concentration of 3.7 ug/L was detected. Vinyl chloride was
detected at the two locations where the lowest levels of TCE was detected,
possibly suggesting a parent/daughter relationship. Vinyl chloride was also

detected in Stage 1 surface water samples.

The other volatile organic constituents confirmed at the surface
water locations during the Spring 1990 sampling event were cis- and trans-1,2-
dichloroethene (-DCE), which have proposed MCLs. As in the case of the
ground-water samples, the cis-1,2-DCE isomer was more prevalent than the
trans-1,2-DCE isomer in surface water samples, with the cis- isomer occurring
at each of the seven sample locations. Concentrations of cis-1,2-DCE ranged
from 3.1 pug/L to 310 pg/L. Trans-1,2-DCE was confirmed in samples from two
surface water locations, LF05-S2 and LF05-S3, with concentrations of 0.46 ug/L
and 0.66 ug/L, respectively. As in the case of ground water, a relationship
appears to exist between TCE and cis-1,2-DCE concentrations and the occurrence
of each. Surface water sample LF05-S7 had the highest confirmed concentra-

tions of both TCE and cis-1,2-DCE. The total-1,2-DCE concentration detected
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at this sample location also falls within the total-1,2-DCE isoconcentration

contours generated for the ground-water analysis (Figure 4-6).

4.2.2.2 Inorganic Constituents

No metals were detected in any surface water samples in excess of
MCLs. Barium was detected at each location, and lead was being detected at
all locations except LF05-S4 and LF05-S7. Arsenic was detected at LF05-S3.
These concentrations are not considered significant, since the metals were
commonly detected in levels below MCLs in the ground-water samples, and metals

are naturally occurring constituents.

Water quality indicators were analyzed in the surface water
samples. This was done both to assess the surface water quality and to
attempt to clarify surface water/ground-water relationships. Indicators

analyzed included:

. Total Dissolved Solids;
o Calcium;

. Magnesium;

. Potassium;

. Sodium;

. Chloride; and

. Sulfate.

Table 4-7 provides the averaged results for each of the water quality in-
dicators for the surface water samples, as well as a range of concentrations
for each analyte (except potassium) which are considered ‘typical’ for Tarrant
County. In addition, the weighted averaged results for the same indicators

are provided for the ground-water samples collected in the Flightline Area.
Only sodium occurs outside the range provided for the indicators

analyzed, being considerably below what would be considered a ‘normal’

concentration. This was also the case in the ground-water samples. The
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similarity between the averaged surface water results and the averaged ground-
water results strongly supports the interrelationship of the two water
systems. This interrelationship has previously been discussed, and data
generated at the site shows the unnamed tributary to Farmers Branch to be an
influent stream in the Flightline Area. Only calcium differs slightly, with
an averaged concentration in the ground water of approximately 45 mg/L greater
than that of the surface water. This phenomenon is probably due to minor

differences in the alkalinity of the two systems.

4.3 Summary of Findings

The main findings of the Flightline Area investigation with respect

to the nature and extent of ground-water contamination are:

. Concentrations of TCE and vinyl chloride exceed MCLs in Upper

Zone monitor wells in the Flightline Area.

. Multiple sources, including Sites LF04, LF05, WP07, FT09, and
Air Force Plant 4, have been postulated for the various or-

ganic contaminant plumes which occur in the Flightline Area.

. Some downgradient migration of the plume apex and a decrease
in total TCE concentration may have occurred since the monitor
well network was previously sampled in 1988. However, con-
tinued monitoring is necessary to verify this possible trend,
which could also be related by variability inherent in field

and laboratory procedures or seasonal conditions.

. The extreme western limit of the Flightline Area TCE plume is
as yet still undefined, but high levels of TCE and other
contaminants detected in wells far upgradient of any known
source areas or Carswell AFB strongly support the existence of
additional upgradient source(s), potentially associated with
documented TCE contamination in Upper Zone ground water

beneath Air Force Plant 4.
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The extreme eastern (downgradient) limit of the TCE plume in

the Upper Zone is also undefined.

The vertical extent of contamination in the Flightline Area

appears to correspond to the upper surface of the underlying
Goodland/Walnut aquitard based on limited analytical results.
Previous sampling of the two Paluxy Aquifer monitor wells did

not detect any contamination.

It is unlikely that any significant metals contamination
exists in the Upper Zone Aquifer of the Flightline Area, as no

dissolved metals concentrations exceeded MCLs.

Both TCE and vinyl chloride were detected in excess of MCLs in

surface water samples.

Based upon the similarity between ground-water and surface
water TCE concentrations, the unnamed tributary to Farmers

Branch appears to be a zone of ground-water discharge.

A pronounced similarity between surface water and ground-water
quality indicators (and other analytes) supports the existence

of zones of communication between the two water systems.

In addition to contaminant contributions from unidentified

upgradient source(s), the Flightline Area sites appear to be
releasing some additional volatile organic compounds (mainly
TCE, vinyl chloride, and 1,2-DCE) to the larger contaminant

plume.

Further investigation is required in the area between the
Flightline Area sites and the upgradient source(s) to deter-
mine the relative contributions of each to Upper Zone ground-

water contamination in the Flightline Area.
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5.0 CONTAMINANT FATE AND TRANSPORT

The purpose of this section is to define the interrelationships
between the various contaminant plumes which exist in shallow (Upper Zone)
ground water in the Flightline Area, and to discuss their migration and
persistence. The transport and fate of contaminants in the Flightline Area
and the potential for off-site or off-base migration is a function of the

physical hydrogeologic conditions and the plume interrelationship.

Volatile organic contaminants found in both the ground water and
the surface water in the Flightline Area are the only hazardous waste con-
stituents having a potential for off-site or off-base migration at levels of
concern. No dissolved concentrations of inorganic constituents, specifically
metals, were identified in the ground water at levels exceeding federal
primary drinking water standards. Risk assessments were performed earlier
during the Phase II Stage 2 investigation, however these focused principally

on airborne hazards.

The ground-water contaminant plume in the Flightline Area is best
described in terms of trichloroethene (TCE). As stated in Section 4, TCE is
the principal contaminant at the site, with detected concentrations of up to
4400 pg/L and exceeding EPA’s MCL (5 ug/L) in 27 wells. Other contaminants
which are less widely distributed or occur in lower concentrations within the
main Flightline Area plume include vinyl chloride, cis- and trans-1,2-di-

chloroethene, tetrachloroethene, and several other volatile organic halocarbon

compounds .
5.1 Contaminant Persistence and Transformation
5.1.1 Background and Theory

The fate and persistence of the volatile organic contaminant plume
in the Flightline Area is controlled by processes such as convection, con-
taminant adsorption and desorption on soil matrices, diffusion and dispersion,

chemical and biological degradation, and volatilization and subsequent
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resorption. Additionally, the nature of the contributing source(s), with
regard to initial concentration and availability of contaminants, affects both

fate and transport.

Diffusion and dispersion are chemical and mechanical processes
whereby a contaminant tends to spread from the expected direction of transport
governed by ground-water flow patterns. Diffusion depends on concentration
gradients, and causes compounds to spread in the direction of lower concentra-
tions. Dispersion is a function of mechanical transport, where physical
mixing of the fluid media due to drag effects and pore channel tortuosity tend
to cause some lateral solute spreading. Both of these phenomena contribute to
dilution of specific contaminants within the body of the plume, but also
result in the enlargement of the plume. Thus, these phenomena are factors in

contaminant persistence and apparent retardation during transport.

Adsorption and desorption of a solute can be significant factors
affecting the fate and transport of many types of contaminants. Compounds
that are readily adsorbed onto grains of the aquifer material, and not readily
desorbed are removed from the ground-water system and are not available for
transport. Chemical partitioning by sorption can reduce effective transport
by up to 100 percent. However, TCE is classified as a ‘mobile’ solute based
upon its relatively low affinity to adhere to particles in the solid matrix.

This classification is based on mobility, the value K;, from the equation:

a,

a,

where: K4 = the soil-water distribution coefficient;
a, = the activity of the solute in the soil matrix; and

a, = the activity of the solute in the aqueous phase.

Mobility classes range from ‘immobile’ to ‘very mobile’, with TCE being in the
second most mobile class out of five possible classes. In terms of solute
transport, TCE has a higher activity in the aqueous phase, and hence will tend
to both adsorb and desorb from soil grains with relative uniformity. Conse-

quently TCE (and related daughter products) have a capacity for transport
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which is only slightly retarded with respect to that due to the flow of ground

water.

Mobility (Ky) is also a function of the concentrations of available
solute, as the chemical activity of a solute will fluctuate based upon the
chemical saturation of the parent media. One method of estimating K; is based
on site specific knowledge of TCE concentrations in the solid and aqueous
phases. For the purpose of this report, TCE will be simply treated as a
mobile solute, with adsorption and desorption being a factor in transport

retardation.

As in the case of adsorption and desorption, TCE and other organic
compounds may volatilize during transport and then be resorbed back into the
aqueous phase. Chlorinated solvents are volatile compounds. Resorption of
compounds following volatilization is based upon their ability to be adsorbed
onto soil grains in the unsaturated zone and then be resorbed back into the
ground water during periods of ground-water level fluctuation. Some com-
pounds, such as 1,2-DCE and vinyl chloride, have low sorption coefficients,
and consequently might be permanently removed from the ground-water system
following volatilization. Because TCE is considered volatile and sorptive,
some portion of the volatilized compound could re-enter the ground-water
system during potentiometric (water level) rises. However, since the Upper
Zone water table in the Flightline Area has not fluctuated significantly since
1985 when potentiometric surveys began, volatilization may possibly cause
permanent removal of organic compounds from the ground water and therefore be
a contributing factor in transport retardation. The degree of significance of

this phenomenon is not known at the present time.

Chemical and biological degradation of the organic compounds in the
Upper Zone ground water are potentially important factors in transport
retardation in the Flightline Area. Tetrachloroethene (PCE), trichloroethene
(TCE), cis- and trans-1,2-dichloroethene and vinyl chloride are all related by
the chemical process of hydrogenolysis. From this reaction, PCE is broken

down into a series of daughter products, ultimately yielding carbon dioxide
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and water. This process is very common in nature, and may be biologically

driven, as a form of biodegradation.

Figure 5-1 provides a summary of the three chemical and biological
transformation pathways for the four principal organic contaminants in the
Flightline Area. It is noteworthy that the half-lives for these pathways vary
from tens of days to two to three years, and the pathway to cis-1,2-DCE is
generally favored. Since TCE and PCE formerly were both widely used in-
dustrial solvents, some amount of TCE is probably from a primary source. It
is doubtful that the sole source of TCE detected in the Flightline Area is
from the breakdown of PCE. However, with the limited amount of PCE detected,
either a significant portion of the original concentration of this solvent has
broken down into TCE or related daughter products, or the original volume of

PCE was much lower than TCE.

5.1.2 Flightline Area (Golf Course) Data

Figures 5-2, 5-3 and 5-4 present the isoconcentration maps gen-
erated for TCE, 1,2-DCE and vinyl chloride, respectively. This discussion of
fate and transport of the ground-water contaminant plume does not consider the
data north of the Farmers Branch underground aqueduct. There is insufficient
lithologic and hydrogeologic data from the area between monitor well LF05-01
(to the north) and monitor wells LF05-5A and LFO5-5E (to the south) to make a

plausible interpretation of contaminant relationship between the areas.

Based on the previous discussion and the knowledge that 1,2-DCE and
vinyl chloride are not known to be used at the base, it is reasoned that the
presence of 1,2-DCE and vinyl chloride are the result of the chemical and bio-
logical breakdown of TCE. By comparing the zones of highest concentrations in
these three plumes, some scenarios can be suggested regarding the timing and

continuity of the contaminant sources. Reviewing the figures:
. During the Spring 1990 ground-water sampling, the apex of the
TCE plume was centered along White Settlement Road, roughly

hydraulically downgradient from Landfill 4 (LF04);
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. A small irregular area of elevated TCE concentrations is
present around monitor well LF05-14, downgradient from Land-

£i11 5 (Site LFO05);

. The 1,2-DCE (Figure 5-3) plume has highest concentrations
immediately downgradient from Sites LF05 and LFO4, with grad-
ually decreasing concentrations downgradient of both land-

fills; and

. Finally, vinyl chloride is present almost exclusively hydraul-

ically downgradient of Site LFO5.

If 1,2-DCE and vinyl chloride concentrations detected in the ground
water are directly the result of TCE degradation, then a comparison of the
locations and concentration distributions within the plumes suggests an
earlier introduction of TCE from Site LFO5 into shallow ground water, with
significant degradation to 1,2-DCE and vinyl chloride having occurred, and a
later release from Site LF04, where time has allowed only degradation to 1,2-
DCE to occur. Furthermore, the overall release of contaminants from Site LF04
may have decreased somewhat with time, as concentrations of TCE immediately

downgradient from Site LF04 were lower than in the previous sampling in April
1988.

The fact that cis-1,2-DCE is favored in the chemical breakdown of
TCE supports the hypothesis that all of the 1,2-DCE present in the Flightline
Area results from TCE degradation. As stated earlier, cis-1,2-DCE is present
in concentrations far exceeding trans-1,2-DCE, and the compound was detected
in five times as many wells. This would be expected if the two compounds were
daughter products of TCE, as the breakdown pathways of TCE to trans-1,2-DCE or
1,1-DCE are considered minor. However, all of the interpretations in this
section are speculative. Review of the historical ground-water chemical data
from the Flightline Area indicates considerable variability in concentrations
of volatile organic compounds over short periods (i.e., between monthly
sampling rounds). These fluctuations are unlikely to be related to longer-

term degradation patterns.
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5.2 Contaminant Migration Pathways

Ground water and surface water at the Flightline Area appear to be
in hydraulic communication, based on results of synoptic water level measure-
ments, and supported by chemical analyses from surface-water and ground-water
samples. The water quality indicator compounds in each system were similar,
and the detected contaminants occurred in similar proportions. Ground-water
contaminants TCE and 1,2-DCE were also detected in each surface-water sample.
In addition, as discussed in Section 4, the concentrations of TCE and 1,2-DCE
detected at surface-water sampling points were consistent with contaminant
concentrations at nearby ground water sampling locations. These correlations
support hydraulic connection between ground water and surface-water systems.
Furthermore it is apparent that the tributary to Farmers Branch is a point of
ground-water discharge which ultimately contributes contaminated water to
Farmers Branch. To simplify the discussion of contaminant transport, the
migration of the contaminant plume will be described individually in terms of

the ground-water and surface-water systems.

5.2.1 Transport in Ground Water

Comparison of Figures 5-2 (Spring 1990) and 5-5 (April 1988)
showing TCE concentrations in ground water suggests that some migration of the
TCE plume has occurred. Recognizing that the interpreted isoconcentration
contours can partially reflect sampling and analytical variabilities, the apex
of the plume, once centered on monitor well WP07-10B, is now centered between
monitor wells LF04-4G and LF04-02. 1If this change is attributed to advection,

it represents a migration distance of dissolved TCE of several hundred feet.

Data generated from Upper Zone Aquifer pump testing, performed in
June 1990, and water-level data suggest the average ground-water flow rate in
the Upper Zone is approximately 9 feet per day. This is based on a hydraulic
conductivity of 785 feet/day and an hydraulic gradient of 0.0035. Since the

hydraulic conductivity derived from aquifer testing falls in the suggested
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range for clean sands to gravels (Freeze and Cherry, 1979), a porosity of 30%
was assumed. The estimate for the average ground-water flow velocity is

derived from a simplification of Darcy'’s Law:

Ki
VvV =
¢
where: v = average ground-water flow velocity

hydraulic conductivity of Upper Zone Aquifer

(average 2.8 x 107! cm/sec or 785 feet/day),

i

¢

hydraulic gradient (0.0035) in the Upper Zone; and

estimated porosity of the Upper Zone deposits (0.30).

Based on this calculation, the position of the TCE plume is migrating ap-

proximately an order of magnitude slower than ground water flow. This is not
unusual based upon the physical, chemical and biological factors which affect
the solute mobility with respect to ground water, as previously discussed in

Section 5.1.

The main contaminant plume appears to be migrating in a direction
which is generally consistent with the direction of ground-water flow. Figure
5-6 shows a potentiometric surface map generated from the June 1990 water
level survey, with the corresponding ground-water flow directions indicated.
The dominant direction of migration closely follows the orientation of the
thickest accumulation of sand and gravel in the Flightline Area (Figure 5-7).
A comparison of the sand and gravel isopach map with the recent TCE plume map
(Figure 5-2) clearly indicates that plume migration may be preferentially
influenced by the increased porosity and hydraulic conductivity of the sand

and gravel interval.

The direction of plume migration appears to be roughly parallel to
White Settlement Road. The maximum extent of the plume in that direction is
unknown, as samples from the two most easterly monitoring wells, LF04-04 and
LF05-19 had detected levels of 2700 and 1300 pg/L TCE, respectively, in the

Spring 1990 sampling event. However, given historical observations and at the
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estimated rate of contaminant transport, the apex of the contaminant plume
would not be expected to migrate beyond the general locations of LF04-04 and

LFO5-19 within the next several years.

It is along this vector of migration that the plume most directly
intersects the unnamed tributary to Farmers Branch. Both TCE and 1,2-DCE were
found in high concentrations in surface-water sample LF05-S7 (collected from
the small tributary (Figure 5-2)). At this locality, contaminated ground
water appears to discharge directly into the surface water, which in turn
flows into Farmers Branch. Because upstream flow in this small tributary
intermittently disappears into the subsurface (from the southeast corner of
LFO4 to just upstream of LF05-S7), it is likely that the water at the sampled
location is almost entirely the result of ground-water discharge. However, as
evident from Figure 5-2, the tributary is not a ground-water flow boundary and
thus all ground-water contamination in the vicinity of the small tributary is
not ‘captured’ or diverted as surface-water flow. This conclusion is also
supported by the finding of elevated concentrations of TCE and 1,2-DCE in
wells hydraulically downgradient of the tributary. This is most evident on
the south side of White Settlement Road, where TCE was detected at 2700 ug/L
in monitor well LF04-04, south (downgradient) of the small tributary. Also,
test well LF05-19 is located east of the unnamed tributary and has a TCE
concentration of 1300 pg/L. Migration of a portion of the contaminants

continues in an east-southeasterly direction past the location of LF04-04.

The more northerly component of the TCE plume migration, which
parallels the direction of ground-water flow, is toward Farmers Branch.
Farmers Branch was sampled at four locations in the Spring 1990 sampling
event. While the dominant ground-water flow is in the direction of Farmers
Branch, the main contaminant plume has not indicated a strong preferential
migration in that direction. TCE concentrations of 1.8 and 4.5 pg/L, found in
surface-water samples collected in two small ponds located immediately north
of monitor well LF05-14, appear to approximate the northerly extent of the TCE
plume. Any potential contaminant migration to the east of these ponds would
be intercepted by Farmers Branch. Since no samples have been collected on the

opposite side (northern) of Farmers Branch, it is uncertain whether the ground
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water on that side of the stream is contaminated. Contamination in Farmers

Branch and the unnamed tributary to Farmers Branch is discussed in Section
5.2.2, below.

TCE has not been encountered as a dense non-aqueous phase liquid
(DNAPL) in monitor wells installed in the Flightline Area, however, if DNAPL
does exist, it would tend to sink due to the difference in specific gravity
between TCE and water. Figure 5-8 depicts a structural contour map drawn on
the top of the Goodland/Walnut Formation, which is the aquitard beneath the
Upper Zone and considered to be the limit of vertical contamination. It is
probable that migration of any DNAPL would be influenced by the configuration
of the top of the aquitard. The solubility of TCE in water is 1100 mg/L, and
based on the analyses received from the various sampling efforts, con-
centrations sufficient to warrant the presence of TCE as a DNAPL are not
expected in the Flightline Area. While TCE may have been released in a pure
phase from one of the source sites, immediate and extensive dilution occurs as
the leachate enters the ground water, as reflected in the TCE concentrations
detected in downgradient wells. Based on the concentrations of contaminants
detected in the Flightline Area contaminant plume, the density of the water
would not be expected to be much greater than that of fresh water. However,
preferential migration of the contaminant plume through the thickest Upper
Zone sand and gravel deposits and above the most eroded surfaces of the

underlying aquitard is occurring in the Flightline Area.

5.2.2 Transport in Surface Water

Surface-water contamination in the Flightline Area is affected by
both the extent and migration of the ground-water plume, and by the variations
in the discharge and velocity of the two principal surface-water bodies
occurring in the area. Farmers Branch, which ultimately flows off-site, had
variable concentrations of TCE and 1,2-DCE based on the sample location. In
addition, the Farmers Branch is fed by the small unnamed tributary draining
the southern portion of the study area, from which the most highly con-
taminated surface-water samples were collected. As a consequence, surface-

water contaminant transport will be considered exclusively in terms of Farmers
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Branch. For the purpose of this discussion, Farmers Branch will be divided
into three reaches, each with a different contaminant input and potential for

contaminant migration.

Figure 5-9 shows the location of the surface-water sampling sites
and identifies the three divided reaches of Farmers Branch. The first reach
of Farmers Branch includes the upstream portion from the end of the concrete
underground aqueduct to the waterfall adjacent to the golf course ponds. This
section of Farmers Branch is not influenced by the main TCE plume, as the golf
course ponds are located approximately at the northern edge of the plume. TCE
was detected, however, in the two samples collected in this reach. The TCE in
these samples is believed to be the result of the upgradient source previously
mentioned in this report. While the TCE detected in this portion of Farmers
Branch is significantly above federal primary drinking water standards, it is
probable that contamination observed in this reach does not contribute greatly
to the overall observed downstream concentration of TCE. It is probable that
a large percentage of all volatile organic contaminants (including TCE and
1,2-DCE) are stripped from the stream by volatilization as the stream crosses

the waterfall which separates the first reach from the second reach.

The second designated reach of Farmers Branch includes that portion
which is downstream of the waterfall and upstream of the intersection of
Farmers Branch and the small tributary. In this reach, the main TCE plume
appears to intersect the stream, and both TCE and 1,2-DCE contamination was
detected in sample LF05-S5. However, even with continued migration of the
main TCE plume in the direction of Farmers Branch, the concentration detected
in this segment of the stream is not expected to increase significantly, and
hence is not expected to be a major contributor to downstream contamination.
The reason for this is the Upper Zone Aquifer outcrops in a broad cutbank of
Farmers Branch across the entirety of this reach, and the ground water is
therefore not in direct communication with the stream. Instead, water from
the Upper Zone emanates from a series of seeps along the cutbank, and per-

colates down the face of the cutbank into a series of pools which are located
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on limestone bedrock of the Goodland/Walnut Formation. As in the case of the
upper reach, this allows for significant volatilization and evapotranspiration
to occur, and would consequently strip most of the contaminants from the water
prior to any possible mixing with surface water from Farmers Branch. It is
likely that minor amounts of contaminants from both reaches may migrate

downstream to the third reach.

Significant concentrations of TCE and 1,2-DCE in the ground water
(on the order of 1300 ug/L and 280 ug/L, respectively) are discharging as
surface water in the vicinity of surface-water sample location LF05-S7. This
water, in turn, discharges directly into Farmers Branch in the third reach,
and constitutes the principal pathway for off-site and off-base migration.
Since the unnamed tributary to Farmers Branch is considered equivalent to a
direct discharge of the main TCE plume, the discharge of the tributary and
also Farmers Branch were calculated to determine the effects of dilution as

the two bodies intersect. This was done using the simple relationship:

where: Q = discharge

<
!

velocity

»
]

cross-sectional area

Applying this equation to values obtained in the field, the slow
moving tributary had a calculated discharge of approximately 0.2 cubic feet
per second (cfs) or about 129,000 gallons per day (gpd). In contrast, at the
time of field measurement, the discharge of Farmers Branch was approximately
6.0 cfs, or about 3,900,000 gpd. This translates into a dilution factor of
about 30, suggesting that contaminant concentrations in Farmers Branch would
be thirty times lower than those occurring in the unnamed tributary. Surface-
water sampling results confirmed this, as the TCE concentrations between
samples LF05-S7 and LF05-S6 (1400 ug/L and 43 ug/L) appear diluted by a factor
of 33 and 1,2-DCE concentrations between the same two locations (310 ug/L at
LF05-S7 and 8.4 ug/L at LF05-S6) appear diluted by a factor of 37.
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It may be concluded that as the most highly contaminated portion of
ground-water plume continues migrating to the east, the concentrations of
organic contaminants detected in the unnamed tributary, and hence in Farmers
Branch, may increase proportionately. However, plume degradation by physical,
chemical and biological factors may result in transport of contaminants off-
site remaining fairly constant over the next few years. Currently, TCE
migration off-site in Farmers Branch is estimated at 45 pg/L and 1,2-DCE
migration off-site is estimated at 8.4 ug/L. There are insufficient data
available to estimate the concentration of these contaminants in reaches of
Farmers Branch outside the Flightline Area. However, volatilization will
reduce the organic contaminant content of Farmers Branch before its ultimate

discharge into the Trinity River.
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6.0 BASELINE RISK ASSESSMENT

6.1 Summary of Indicator Chemicals

Sampling and analysis of soil and water in the Flightline Area has
resulted in a large number of chemical substances being detected. Conducting
a baseline risk assessment that included every detected chemical would be
unnecessarily time consuming. The baseline risk assessment of the Flightline

Area is therefore based on selected indicator chemicals that pose the greatest

potential risks at the site, a methodology endorsed by the U.S. EPA for
evaluation of the health impacts of waste sites (U.S. EPA, 1986a).

Indicator chemicals were selected from approximately 80 chemicals

known to be present at the site according to Health Evaluation Manual (U.S.

EPA, 1986a). The selection process, based in both 1988 and 1990 sampling and
analyses performed on the soil, ground water, and surface water in the

Flightline Area, resulted in the following list of indicator chemicals:

Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs)
Antimony Bis(2-ethylhexyl)- Benzene

phthalate

Arsenic Chloroform
Barium 1,2-Dichloroethane
Beryllium Methylene chloride
Cadmium Tetrachloroethene
Chromium Toluene
Lead Trichloroethene
Nickel Vinyl chloride
Selenium »
Silver

Some of the indicator chemicals, particularly those detected at
very low concentrations, may be the result of matrix interferences or sample
cross-contamination. No analysis for semivolatile compounds was performed in

1990 and the low levels of phthalate detected previously are suspected as
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being artifacts of sampling or laboratory contamination. As already
discussed, dissolved metals concentrations in ground water and surface water
samples, determined only in the 1990 effort, were all below MCLs and do not
suggest a metals contamination problem. Nevertheless, all of the identified
indicator chemicals were included in the risk assessment process to ensure a

conservative (stringent-case) evaluation of possible health risks.

6.2 Source and Release Characterization

Possible mechanisms of contaminant release from Landfill 4 (LFO4),
Landfill 5 (LFO5) and the Waste Burial Area (WPO7) include: 1) volatilization
to the air, 2) fugitive dust generation, 3) leachate to ground water, 4)
surface runoff, 5) direct release to surface water, and 6) contaminated

ground-water discharge to surface water.

6.2.1 Volatilization to the Air

VOCs present in the soil are subject to volatilization to the air
by virtue of high vapor pressures. Semivolatile organic compounds generally
have very low vapor pressures and are not subject to volatilization. Most
metals are nonvolatile as well. Indicator chemicals detected in the
Flightline Area which can volatilize include benzene, chloroform, 1,2-di-
chloroethane, methylene chloride, tetrachloroethene, toluene, trichloroethene,

and vinyl chloride.

Estimated emission rates based conservatively on maximum
concentrations detected in the soil or water samples from the Flightline Area

are:

Emission Rate

Indicator Chemical (grams/second)

Benzene 2.25 x 1073

Chloroform 1.58 x 107°

1,2-Dichloroethane 1.07 x 1077

Methylene chloride 2.85 x 1073

Tetrachloroethene 1.25 x 1077
6-2
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Toluene 6.79 x 107’
Trichloroethene 3.22 x 107¢
Vinyl chloride 7.51 x 107°

The methodology used to estimate emission rates is described in the IRP Stage
2 RI/FS Final Draft Report (Radian, 1989).

6.2.2 Fugitive Dust Generation

Contaminants must be present in exposed soil to be subject to
fugitive dust generation. Because wastes in these IRP sites are buried and
the surface is vegetated, contaminants present in the soil are not subject to

significant fugitive dust generation.

6.2.3 Leachate to Ground Water

Indicator chemicals detected in ground-water samples from
downgradient monitor wells in the Flightline Area include: antimony, arsenic,
barium, beryllium, cadmium, chromium, lead, nickel, selenium, silver, bis(2-
ethylhexyl)phthalate, benzene, chloroform, methylene chloride, tetrachloro-

ethene, toluene, trichloroethene, and vinyl chloride.

6.2.4 Surface Runoff

Contaminants must be exposed at the land surface to be subject to
significant surface runoff during precipitation. Because Landfill 4 and the
Waste Burial Area were covered and vegetated after disposal operations ceased,
and because both are relatively flat, contaminants present in the soil are not
subject to significant surface runoff. Landfill 5 was also covered and
vegetated after disposal activities ceased. However, because Landfill 5 was
constructed above ground level and is adjacent to the small tributary to
Farmers Branch, there is a greater potential for surface runoff of contam-

inants than for the other two sites.
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6.2.5 Discharge to Surface Water

There is no direct discharge of contaminants to surface water.
However, there is indirect discharge in the form of contaminated ground water
discharging to Farmers Branch, the small tributary, and the two golf course

ponds in the Flightline Area.

6.3 Transport and Fate of Contaminants

The Flightline Area sites potentially release VOCs to the air via
volatilization and all identified indicator chemicals to the ground water via
waste leaching. The main mechanism for contaminant release to surface water
is by Upper Zone ground-water discharge. Potentially significant contaminant
transport and fate mechanisms in the air and ground-water media include: 1)
air dispersion, 2) ground-water migration, 3) discharge to the surface,

4) transport in surface water, and 5) subsequent uptake by plants and animals.

6.3.1 Air Dispersion

Emission of VOCs from the Flightline Area IRP sites occurs at
ground level in the gaseous phase. The gases disperse in the ambient
atmosphere according to local meteorological conditions. Annual ambient air
concentrations of the volatile organic indicator chemical emissions were
estimated using the ISCLT model. The dispersion modeling methodology is
discussed in the IRP Stage 2 RI/FS Final Draft Report (Radian, 1989).

6.3.2 Ground-Water Migration

In the Flightline Area, ground water in the Upper Zone occurs in
sand and gravel deposits that are underlain by relatively impermeable and dry
limestone/shale bedrock. Hydraulic head in the Upper Zone Aquifer decreases
toward Farmers Branch, indicating that ground-water flow is also toward
Farmers Branch. The bed of Farmers Branch is cut into the same bedrock that
forms the base of the Upper Zone; therefore ground water is expected to

discharge directly to Farmers Branch or to be consumed by evapotranspiration
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as it exits the Upper Zone materials near the creek. This in fact is the case
as ground water is continually seeping from the cut-bank face of the creek and
ponding on the limestone bedrock that forms the creek bed. Ground-water flow
is generally not toward the base perimeter in this area. Therefore, migration
of contaminants from the Flightline Area to any domestic or agricultural use

wells in the area is unlikely.

6.3.3 Transport in Surface Water

Since VOCs remain in a gaseous state and do not deposit on the
ground, surface water in the area is not subject to contamination via
emissions to the air from the Flightline Area. Contaminants which reach
Farmers Branch via ground-water migration (or surface runoff from Landfill 5)
are subject to dilution and movement with the surface flow downstream to the
West Fork of the Trinity River located east of the base. The West Fork of the
Trinity River is downstream of Lake Worth, which is the source of drinking
water for Fort Worth and Carswell AFB. Thus the path of surface water
drainage precludes the transport of contaminants from the Flightline Area to
the sole surface water source of drinking water in the area. Any VOCs present
in surface water would probably volatilize to the air, thus leading to

decreasing VOC concentrations with increasing distance downstream.

6.3.4 Uptake by Plants and Animals

Food crops, including commercial agricultural crops and backyard
gardens, are subject to accumulation of contaminants migrating from the
Flightline Area IRP sites via root uptake of any contaminants present in the
water used for watering or irrigation. Migration of ground water to a surface
water source used for watering or irrigation is the only significant pathway
for contaminants to move from the Flightline Area to plants. However, farming
operations in the area generally rely on natural precipitation or irrigation
of crops with ground water (South, J., 1988), which eliminates this potential
pathway for human exposure. Since emissions to the air from the Flightline

Area would be limited to VOCs which remain in a gaseous state in ambient air,
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they will not deposit on above-ground plant surfaces or on the soil or surface

water so as to be available for root uptake.

Terrestrial organisms, including farm animals and wildlife, are
potentially subject to accumulation of contaminants originating in the
Flightline Area sites by: 1) inhalation of ambient air, and 2) ingestion of
surface water contaminated via ground-water migration. As discussed above,
farm operations in the area do not use surface water to irrigate crops.
Therefore, farm animals are not subject to ingestion of plants irrigated or

watered with surface water contaminated via ground-water discharge.

Aquatic organisms, including fish, are subject to accumulation of
contaminants by uptake from surface water contaminated via ground-water
discharge/surface transport. Contaminants can bioaccumulate in the food chain

of both terrestrial and aquatic organisms.

6.4 Exposure Pathways

Figure 6-1 depicts potential pathways for contaminants to move
from the Flightline Area to human exposure points. Pathways which are not

complete were eliminated. Remaining pathways include:

1. Volatilization to the air/air dispersion/inhalation of

ambient air;

2. Volatilization to the air/air dispersion/inhalation by

animals/ingestion of meat and dairy products;

3. Leaching to ground water/ground-water migration to surface
water (fishable source)/uptake by fish and other aquatic

organisms/ingestion of aquatic organisms;

4. Leaching to ground water/ground-water migration to surface
water (agricultural use source)/ingestion by

animals/ingestion of meat and dairy products;
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5. Leaching to ground water/ground-water migration to surface
water (source used for contact sports)/skin contact with

water; and

6. Leaching to ground water/ground-water migration to surface
water/volatilization of volatiles/inhalation of vapors close

to source.

Contaminant contributions to surface water used for fishing, for
agriculture, for contact water sports, or from which VOCs can volatilize, can
also potentially result from surface runoff from Landfill 5 to a Farmers

Branch tributary.

6.5 Identification of Receptors

Based on available exposure pathways, potential human receptors
for exposure to contaminants migrating from the Flightline Area include: 1)
persons residing and/or working in nearby areas, particularly downwind of the
site; 2) persons ingesting meat and dairy products from animals exposed to
contaminants in the ambient air or contaminated surface water; 3) persons
ingesting fish or other aquatic organisms exposed to contaminated surface
water; and 4) persons swimming or participating in other contact sports in

contaminated water.

Potential wildlife receptors include: 1) terrestrial organisms
with habitats close to the Flightline Area that inhale ambient air and ingest
surface water, particularly from Farmers Branch, its unnamed tributary and/or
the golf course ponds, and 2) aquatic organisms in the on-base surface water

bodies and the West Fork of the Trinity River.
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6.6 Quantification of Exposures
6.6.1 Inhalation Exposure

Inhalation of ambient air is the most direct exposure pathway for
contaminants to move from the Flightline Area to human receptors. Table 6-1
presents the on-site maximum and off-site maximum predicted annual ambient air
concentrations resulting from estimated Flightline Area emissions, and
predicted concentrations at several discrete locations: site of the proposed
base day care center, which is central to the largest on-base residential
area, the Fort Worth National Fish Hatchery, and the closest dairy and beef
operations. The table also lists Texas Air Control Board (TACB) Health
Effects Screening Levels (ESLs) which the agency uses to evaluate the impacts
of air contaminants. TACB screening levels are based on occupational exposure
limits [American Conference of Governmental Industrial Hygienists (ACGIH)
Threshold Limit Values (TLVs), Occupational Health and Safety Administration
(OSHA) standards, or National Institute for Occupational Safety and Health
(NIOSH) recommendations), odor nuisance potential, vegetation effects, or
corrosion effects. Generally the annual ESL corresponds to 0.1% of the lowest

occupational exposure limit.

The maximum predicted annual average concentrations resulting from
estimated Flightline Area emissions for benzene, chloroform, 1,2-
dichloroethane, methylene chloride, tetrachloroethene, toluene,
trichloroethene, and vinyl chloride are lower than the conservative TACB

Effects Screening Levels by orders of magnitude ranging from 4 to 8.

6.6.2 Ingestion Exposure

Potential ingestion exposures include ingestion of meat and dairy
products from animals exposed to contaminants in the ambient air or
contaminated surface water, and fish exposed to contaminated surface water.

The Flightline Area contributes very low concentrations of VOCs to the ambient
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air. At the sites of the nearest dairy and beef operations, concentrations
are predicted on the order of 107’ pg/m® and lower (see Table 6-1). Although
cows will absorb inhaled VOCs, these compounds do not tend to accumulate in
milk or edible tissues which humans might consume. Likewise, livestock
consumption of surface water containing contaminants originating from the
Flightline Area is theoretically possible, if livestock consumes water from
the West Fork of the Trinity River; however, any exposure can be expected to
be minimal due to the distance from Carswell AFB to the nearest dairy and beef
operations. Consumption of locally produced beef and dairy products therefore
does not represent a significant pathway of human exposure to contaminants

originating from the Flightline Area.

The most significant fishable resource in the vicinity of Carswell
AFB is Lake Worth. The Fort Worth National Fish Hatchery is located at the
western end of the lake. Since there is no available pathway for contaminants
to move from the Flightline Area to Lake Worth, there is no potential for
human exposure to contaminants originating at the Flightline Area via
ingestion of fish caught in the lake. There is some theoretical potential for
fish in the West Fork of the Trinity River to accumulate contaminants from the
Flightline Area in the area downstream of the intersection of Farmers Branch
with the river. However, contaminant contributions to the river from the
Flightline Area via contaminated ground-water discharge to Farmers Branch are
likely to be very minimal due to the distance between the site and the river
(approximately one mile), dilution, volatilization, and the low concentrations
of contaminants in ground water. Therefore, concentrations of contaminants in

the river which originate from the Flightline Area were not established.

6.6.3 Dermal Exposure

The potential for skin contact with contaminants originating from
the Flightline Area is limited to exposure while swimming in (or otherwise in
contact with) contaminated surface water. Lake Worth is the most highly
utilized surface water body for swimming and other water contact sports in the
area. Again, since there is no available pathway for contaminants to move

from the Flightline Area to Lake Worth, there is no potential for human
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exposure to contaminants originating from the Flightline Area via skin contact
with lake water. As discussed above, contaminant contributions to the West
Fork of the Trinity River from the Flightline Area are theoretically possible
but likely to be very minimal; therefore, skin contact with river water is not
considered a significant exposure pathway for this site. Skin contact with
water in Farmers Branch, which is not amenable to swimming or other contact
activities other than possibly wading, could contribute to dermal exposure.

The exposure potential from this pathway was not quantified.

6.7 Threat to Human Health

6.7.1 Noncarcinogenic Risks

Table 6-2 shows estimates of average daily inhalation exposure (in
mg/kg body weight/day) at the location of the on-site and off-site maximum
predicted annual average concentration, and at the proposed on-site day care
facility, and compares these values with inhalation Reference Doses (RFDs) for
chronic (long-term) exposure. An inhalation RFD is an estimate of the dose of
a chemical that can be inhaled daily for a lifetime without producing adverse
noncarcinogenic health effects. The derivation of RFDs (Formerly Acceptable
Daily Intakes--ADIs) used in this assessment is discussed in the IRP Stage 2

RI/FS Final Draft Report (Radian, 1989).

Average daily inhalation exposures for benzene, chloroform, 1,2-
dichloroethene, methylene chloride, tetrachloroethene, toluene, trichloro-
ethene, and vinyl chloride are lower than pollutant-specific RFDs in all cases
by more than three orders of magnitude. The total hazard index is
significantly less than one at all sites, indicating that the threat of
noncarcinogenic health effects of inhalation exposure to contaminants

originating from the Flightline Area is not significant.
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6.7.2 Carcinogenic Risks

Inhalation Risk--Of the eight indicator chemicals that might be

released to the air from the Flightline Area, seven are potential carcinogens.
These are: benzene, chloroform, 1,2-dichloroethane, methylene chloride,
tetrachloroethene, trichloroethene, and vinyl chloride. Cancer potency
estimates developed by EPA were used in conjunction with total daily

contaminant doses to develop estimates of incremental individual cancer risk:

Individual Cancer Risk = Total Daily Dose x Cancer Potency

(mg/kg/day) (mg/kg/day)

Incremental individual cancer risk is the increased probability of developing

cancer in one’‘s lifetime.

Table 6-3 shows estimates of incremental individual cancer risk
for the maximum on-site and maximum off-site exposed individual and for an
individual inhaling ambient concentrations in the immediate vicinity of the
proposed day care facility continuously for a lifetime. These risks, the

highest of which is one in 10 million, can be dismissed as inconsequential.

Ingestion Risk--The potential for ingestion exposure to

contaminants originating from the Flightline Area is remote and likely to be

minimal. The risk of ingestion exposure was therefore not quantified.

Dermal Risk--The potential for dermal exposure to contaminants
originating from the Flightline Area is also minimal. Unless an individual
immersed frequently in the waters of Farmers Branch for a long period of time,
skin contact exposure can be considered insignificant. The risk of dermal

exposure was therefore not quantified.

6.8 Threat to Wildlife

Contaminants migrating from the Flightline Area, as discussed

previously, pose some risk to terrestrial wildlife that use Farmers Branch,
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its small tributary, and the golf course ponds as a source of drinking water,
as well as aquatic organisms in these surface water bodies. In the past,
there have been some instances of fish kills in Farmers Branch and in the
small ponds near Building 233. Table 6-4 compares the maximum values of
indicator chemicals detected in the Flightline Area surface water samples with

EPA water quality criteria (where available) for aquatic life in fresh water.

The only organic indicator chemical that has an established
criterion (LOEL - lowest observed effect level) is TCE. The maximum detected
concentration of TCE in surface water samples is 15 times less than the

chronic LOEL for fresh water aquatic species.

Two metals, lead and silver, were detected in concentrations
greater than the ambient fresh water chronic criteria. Silver was detected
three times (twice in golf course ponds and once in Farmers Branch).
However, all three detectable concentrations occurred in unfiltered samples
and all were less than five times the method detection limit. All dissolved
silver concentrations were below the method detection limit (10 ug/L).
Because the detection limit is higher than the chronic criterion for aquatic
life in fresh water, it is not possible to determine whether any dissolved

silver concentrations actually exceeded the chronic criterion.

Lead was detected in all four water samples from Farmers Branch
and from one of the golf course ponds. The only detected concentration
exceeding the chronic criterion, however, was in the golf course pond sample.
The accuracy of the reported lead concentration is questionable as the corres-
ponding dissolved lead concentration was roughly three times greater than the
total concentration which did not exceed the chronic criterion. All four
samples collected from Farmers Branch contained lead in concentrations
approaching the chronic criterion for fresh water aquatic life. One of these
samples was collected from a reach of Farmers Branch upstream of any of the
Flightline Area sites, so it appears that either natural background
concentrations of lead in surface water are relatively high and/or Farmers

Branch is receiving lead from an upstream source.
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TABLE 6-4. COMPARISON OF MAXIMUM DETECTED SURFACE WATER INDICATOR
CHEMICAL CONCENTRATIONS WITH EPA WATER QUALITY CRITERIA

Maximum Detected

Concentration Fresh Acute Fresh Chronic

Indicator Chemical (pg/L) (pg/L) (pg/L)
TCE 1,400.0 46,000% . 21,000%*
Vinyl chloride 3.7 -- --
Arsenic (metal) 4.8

- Pentavalent -- 850* 48%

- Trivalent -- 360 190
Barium 210.0 -- --
Lead 29.0 330%* 12.9%*
Silver 23.0 26.9%* 0.12

*Insufficient data to develop criteria. Value presented is the LOEL - Lowest
Observed Effect Level.

**Hardness Dependent Criteria (300 mg/L used).
--No criteria or LOEL available.

Source: U.S. EPA, Quality Criteria for Water 1986b. EPA 440/5-86-001.
May 1, 1986.
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6.9 Defense Priority Model Evaluation

Radian used the Defense Priority Model (DPM) (Oak Ridge National
Laboratory, 1987) to evaluate the Flightline Area (Sites LF04, LF05, WPO7, and
FT09) and four East Area IRP sites at Carswell AFB. DPM uses site-specific
data to prioritize sites according to the severity of contamination. For the
DPM, geologic and hydrologic data are used to indicate ground-water travel
times and chemical analyses are analyzed using toxicological benchmarks to

indicate risk to the local human population and natural environment.

Using information obtained during Stage Two of the Installation
Restoration Program (IRP) at Carswell AFB, the DPM indicated the following
ranking for the sites investigated (numbers in parentheses are the results of

the DPM scoring and indicate relative rankings):

Unnamed Stream (20,760);
Flightline Area (19,381);
Landfill 1 (7,036);

Base Service Station (5,929); and
POL Tank Farm (4,584).

w oW N

Radian has conducted extensive, detailed investigations of these
sites and has produced a ranking of these sites which differs somewhat from
the DPM ranking. The alternate ranking, which is based on the results of the

Radian investigations is as follows:

Flightline Area;

Unnamed Stream;

POL Tank Farm;

Base Service Station; and

Landfill 1.

w & W

This discrepancy is probably because the DPM is designed as an
unbiased tool for comparison and, therefore, has a simple, rigid format that

does not take into account all factors which might be relevant to the ranking
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of a particular site. Indeed, the Introduction to the User’s Manual for the
DPM indicates the possibility of false high scores using the DPM. Radian’s
justification for giving the Flightline Area higher priority for remedial
action relative to the Unnamed Stream is explained below. The DPM evaluation

worksheets for the Flightline Area are provided as Appendix G.

Flightline Area Versus Unnamed Stream

Two factors strongly influenced the DPM ranking of the Flightline
Area below that of the Unnamed Stream. The more important of these is the
relatively low levels of metals (especially lead) detected in the Flightline
Area, compared to the Unnamed Stream site. Also important was the difference
in contaminant transport times because of the proximity of the Unnamed Stream

to the plant boundary and the Trinity River.

Radian assigns a higher ranking to the Flightline Area for several
reasons, the most important of these being the relative concentrations of
contaminants detected at these two sites. At the Unnamed Stream, no
contaminants were detected at levels in excess of Maximum Contaminant Levels
(MCLs). At the Flightline Area, however, TCE, vinyl chloride, tetra-
chloroethane and cis-1,2-dichloroethane were detected above current (or
proposed) MCLs. Metals were detected in higher concentrations in the surface
water samples from the Unnamed Stream, but none exceeded any regulatory

concentration limit.

Another reason for assigning the Flightline Area a higher ranking
is its size relative to the Unnamed Stream. The Flightline Area is much
larger and contains a larger volume of contaminants than the Unnamed Stream
site. It therefore presents a more complicated problem for remediation and a

greater potential for future environment degradation.
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7.0 SUMMARY AND CONCLUSIONS

This section summarizes the environmental contaminants detected in
the Flightline Area, with special emphasis on the extent of contaminant
migration, the mechanisms/pathways by which the contaminants are transported,
and the level of risk the contaminants pose to the human health and environ-
ment. Also identified are existing data gaps, possible ways to address
additional data requirements, and the objectives of any remedial actions

conducted in the Flightline Area.

7.1 Summary of Contamination and Associated Risks

The following subsections present an overview of the main con-
taminants in the Flightline Area and the quantified risks associated with

exposure to those contaminants.

7.1.1 Nature and Extent of Contamination

Ground Water

Environmental sampling conducted in the Flightline Area thus far
has shown ground-water contamination by volatile organic compounds, par-
ticularly trichloroethene and vinyl chloride, to be the most widespread and
significant problem. During the most recent ground-water investigation
(April/May,1990), TCE was detected in concentrations exceeding the federal MCL
in 27 of the 35 monitor wells sampled. Vinyl chloride exceeded its MCL in
seven wells. Figures 5-2 and 5-4 show isoconcentration contour maps of TCE

and vinyl chloride in the Upper Zone Aquifer at the Flightline Area.

As seen in Figure 5-2, ground-water sampling of the existing
monitor well network has adequately defined of the northern and southern
limits of the TCE plume; however, the extent of the plume to the east and west
is currently unknown. The evidence generated to date suggests the TCE con-
tamination is preferentially migrating along paleochannels that were iden-

tified during drilling and were mapped in the Flightline Area (Figure 5-7).
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The maximum vertical extent of the TCE contamination, as well as all other
contamination detected in the area, apparently corresponds to the upper
surface of the Goodland/Walnut Formation, which underlies the Upper Zone
sediments. The limestone and shale of the Goodland/Walnut Formations appear
to be an effective barrier to downward migration of ground-water contaminants
to deeper aquifers, because no contaminants were detected in the two Paluxy
Aquifers (the sand aquifer directly under the Goodland/Walnut aquitard)
monitor wells, one of which (P-2) is located near the center of the plume

during the sampling performed in 1988.

Figure 5-4 shows the lateral extent of vinyl chloride detected in
the Flightline Area Upper Zone ground water. The vinyl chloride contamination
is less areally extensive and better defined than the TCE plume. Isocon-
centration contour mapping of vinyl chloride detected in the Upper Zone ground

water suggests Landfill 5 (LF05) is the principal source of the contamination.

Several other organic compounds were detected in the ground water
from the Flightline Area monitor wells, most notably tetrachloroethene and
cis-1,2-dichloroethene, but the concentrations of the compounds detected were

either below MCLs or they have no established MCLs.

Multiple sources are apparently contributing the organic con-
taminants detected in the shallow ground water of the Flightline Area. Land-
fills 4 and 5, the Waste Burial Area, and to a lesser extent, Fire Training
Area 2 appear to be contributing to the contamination, based on the con-
centration distribution of the volatile organic contaminants and the consis-
tent nature of the detected contaminants and disposed wastes. However,
repeated evidence of organic contamination in monitor wells located hydraul-
ically upgradient of these sites suggests one or more additional off-base
sources. Based on similar concentrations of TCE and related transformation
products detected in upgradient wells on adjoining AF Plant 4 property, AF
Plant 4 is considered the principal upgradient candidate source of the balance

of the Flightline Area contamination.
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Although several metals species were detected in concentrations
greater than respective MCLs in unfiltered ground-water samples, it is
probable that no metals contamination exists in the Upper Zone Aquifer at the
site as no concentrations exceeding MCLs were reported in the dissolved metals

analyses which most directly reflect ground-water chemistry.

Surface Water

Trichloroethene is the principal contaminant in the surface water
of the Flightline Area. It was detected in all seven of the water samples
taken in 1990, and exceeded the MCL in five of the samples. The highest
detected concentration was in a sample from a small tributary to Farmers
Branch (sample location LF05-S7 on Figure 5-9). There is strong evidence that
the shallow ground water is providing the base-flow and the resulting con-
tamination in this small stream. As with ground water, contamination observed
in a reach of Farmers Branch upstream of the Flightline Area sites suggests an
additional upstream contaminant source. The farthest downstream sample from
Farmers Branch contained TCE in excess of the MCL. At this location, it
appears that Farmers Branch is receiving a significant contaminant con-

tribution from the previously mentioned tributary.

Vinyl chloride was the only other volatile organic compound
detected in the surface water samples in excess of any MCLs and it was
detected above the MCL in only one sample collected from the golf course ponds

located adjacent to the golf course maintenance facilities.

The remaining volatile organic compounds detected in the surface
water samples were the cis- and trans-isomers of 1,2-DCE. These compounds

were commonly detected in the Flightline Area Upper Zone ground water.

No metals were detected above MCLs in any of the surface water
samples collected in 1990. Water quality indicator results from the surface
water samples were compared to the ground-water results. The strong similar-
ity in the concentrations of cations and anions suggests that discharge of

Upper Zone ground water is supplying a large portion of the surface water flow.
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7.1.2 Fate and Transport

Fate of Contaminants

No dissolved metals concentrations in Upper Zone ground-water
samples exceeded MCLs. Therefore only the persistence and transformation of
organic contaminants were addressed. The ground-water contamination in the
Flightline Area consists mainly of volatile chlorinated organic solvents,
principally TCE with lesser amounts of chemically-related transformation
compounds (Figure 5-1). The fate and persistence of these volatile organic
compounds is controlled largely by the processes of diffusion and dispersion,
adsorption and desorption, volatilization and subsequent resorption, and

chemical and biological degradation.

Diffusion and dispersion are chemical and mechanical processes
which contribute to dilution of specific contaminants within the body of the
plume, but also result in enlargement of the plume. Because TCE and its
related daughter products are generally classified as mobile solutes in water
and therefore have a higher activity in the aqueous phase, their capacity for
transport is only slightly retarded with respect to that due to the flow of

ground water.

The organic compounds observed in the Upper Zone Aquifer in the
Flightline Area are volatile by nature, and any volatilization of these
compounds from the ground-water system could result in their permanent
removal. Although some of the compounds might be adsorbed onto overlying
sediments, historically the Upper Zone Aquifer water table has not changed
significantly, and therefore there is little chance of the compounds being

resorbed back into the ground-water system.

Tetrachloroethene, trichloroethene, cis- and trans-1,2-dichloro-
ethene and vinyl chloride are all chlorinated solvents and related by the
chemical process of hydrogenolysis (Figure 5-1). This process is very common
in nature and may be biologically driven, as a form of biodegradation. Based

on available records and water sampling results, it appears TCE was the
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principal solvent disposed of in the Flightline Area, and the cis- and trans-
1,2-DCE and vinyl chloride detected in lesser quantities are mainly daughter

products of the TCE (and possibly the PCE).

Transport in Ground Water

Using data obtained from the June 1990 Upper Zone Aquifer pumping
test and the potentiometric surface map of the aquifer, the average ground-
water flow rate in the Upper Zone is calculated to be approximately 9 feet per
day. By comparing the TCE contaminant plume position as determined in both
1988 and 1990, it appears the plume is migrating approximately an order of
magnitude slower than the ground water. The contaminant plume migration does
not conform wholly to the ground-water flow direction, which is generally
toward Farmers Branch. A portion of the plume appears to be preferentially
moving through the thickest accumulations of sand and gravel in the Upper
Zone, in a more easterly direction than the shallow ground-water flow. While
Farmers Branch and one of its tributaries are capturing a portion of the
contaminant plume, there is continued plume migration in a generally east-

south-easterly direction from the Flightline Area.

Transport in Surface Water

The two main surface water bodies in the study area, Farmers Branch
and the small tributary to Farmers Branch, were found to contain varying
concentrations of volatile organic compounds. The small tributary exhibited
the greatest degree of contamination, the indirect source of which is believed
to be discharge of Upper Zone ground water. A portion of Farmers Branch that
is upstream of, and therefore unaffected by the Flightline Area sites,
contained volatile organic compounds from an upstream source. Currently, the
estimated concentration of TCE migrating off-site in Farmers Branch is 45
pg/L, and 1,2-DCE is estimated at 8 ug/L. Volatilization will reduce the
volatile organic contaminant content of Farmers Branch before its ultimate

discharge into the Trinity River.

7-5



64 173

7.1.3 Risk Assessment

Using both the 1988 and 1990 analytical results from soil, ground
water, and surface water samples collected in the Flightline Area, 19 in-
dicator chemicals were selected from the approximately 80 chemicals known to
be present at the site. The indicator chemicals consisted of 10 metals, eight
volatile organic compounds and one semivolatile organic compound. These
chemicals were selected according to the methods in the U.S. EPA Health
Evaluation Manual (1986a). Although several of the indicator chemicals
selected, particularly the metals and the semivolatile compound, are not
believed to represent an actual contaminant problem at the site, they were
included in the risk assessment process to ensure a conservative evaluation of

possible health risks.

Possible mechanisms of contaminant release from the Flightline Area
sites include: 1) volatilization to the air, 2) fugitive dust generation, 3)
leachate to ground water, 4) surface runoff, 5) direct release to surface
water, and 6) contaminated ground-water discharge to surface water. Of these
six possible mechanisms, volatilization to the air, leachate to ground water,
and contaminated ground water discharging to surface water appear to be the

most important release mechanisms in the Flightline Area.

Potentially significant contaminant transport and fate mechanisms
were identified and include: 1) air dispersion, 2) ground-water migration, 3)
discharge to the surface, 4) transport in surface water, and 5) subsequent

uptake by plants and animals.

Results of an evaluation to determine possible human exposure
routes from the six previously mentioned waste release mechanisms (Figure 6-1)
show six potential pathways exist. All six of the pathways initially involve
contaminants volatilizing to the air or leaching to the ground water. Based
on the potential pathways identified, potential human and wildlife receptors
for exposure to contaminants migrating from the Flightline Area were iden-

tified.
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Three types of exposures - inhalation, ingestion, and dermal
contact were quantified in the risk assessment. The maximum predicted annual
average concentrations resulting from estimated Flightline Area VOC indicator
chemical emissions are lower than the conservative TACB Effects Screening
Levels by orders of magnitude ranging from 4 to 8. Potential ingestion
exposures included consuming meat and dairy products or fish exposed to
contaminants, however, neither of these potential pathwayé were found to
represent a significant threat of human exposure. Dermal exposure to con-
taminants in Lake Worth and the Trinity River was found to be insignificant,
at most. Skin contact with water in Farmers Branch, which is not amenable to
swimming or contact activities other than wading, could result in dermal
exposure, but the insignificance of such potential exposure did not merit

quantification.

The threat to human health posed by the site was evaluated in terms
of noncarcinogenic and carcinogenic risks. The noncarcinogenic evaluation
involved comparing maximum predicted annual average volatile organic con-
taminant concentrations at various locations, both on-site and off-site, with
inhalation Reference Doses (RFDs) for chronic (long-term) exposure. The
results of this comparison indicate the threat of noncarcinogenic health
effects of inhalation exposure to contaminants released from the Flightline
Area is not significant. Concerning carcinogenic risks, seven of the eight
VOC indicator chemicals are potential carcinogens. Incremental individual
cancer risks were estimated for maximum exposed individuals at locations both
on- and off-site. The highest risk of one in 10 million was dismissed as
inconsequential. Ingestion and dermal risks were considered minimal and were

not quantified.

When considering the threat to wildlife and aquatic organisms from
the contaminants migrating from the Flightline Area, the level of contaminants
found in the site surface water bodies were compared to the EPA Quality

Criteria for Water (1986b). Some risk exists for terrestrial wildlife that

use Farmers Branch, the small tributary, or the golf course ponds as a source
of drinking water, as well as for aquatic organisms in these surface water

bodies. Lead was detected in a concentration exceeding the chronic criterion
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for fresh water aquatic life in the westernmost golf course pond (Figure 5-9),
however the reported result is questionable because it was from the dissolved
lead analysis, and the total lead concentration in the unfiltered sample was
less than the chronic criterion. Silver was detected at three locations in
concentrations above the chronic criterion, but all three results were for
total silver. Silver was not detected in the dissolved phase, however, the
detection limit for the analytical method (10 ug/L) was greater than the
chronic criterion. Therefore it is not possible to determine whether any

dissolved silver concentrations exceeded the criterion.
7.2 Conclusions

The following subsections focus on additional data requirements,
recommended ways to obtain the additional data, and the remedial action objec-

tives for the Flightline Area.

7.2.1 Data Limitations and Recommendations for Future Work

The remaining information needed from the Flightline Area is
primarily for more complete definition of the extent of the volatile organic
contaminant plume, and better understanding of the mechanics of ground-water

flow in the Upper Zone. Specifically:

. The lateral and downgradient limits of the VOC plume in the

Upper Zone Aquifer;

. Identification and characterization of the upgradient, off-
base source(s) of Upper Zone contamination in the Flightline

Area;
. The VOC content of the water in Farmers Branch at a location

immediately upstream of its discharge point to the Trinity

River;
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. Computer modelling of ground-water flow and contaminant trans-
port;
. Upper Zone Aquifer properties, such as transmissivity and

storage coefficient, near Farmers Branch and the small trib-

utary.

Although estimates of aquifer properties were obtained as a result of the June
1990 pumping test, this test was conducted in an area where the thickest
sequence of sands and gravels observed in the Flightline Area occurs. If, as
anticipated, the selected remedial alternative involves the use of ground-
water extraction wells in areas with thinner, less permeable Upper Zone
sediments, the aquifer properties in these areas will require re-evaluation.
Also, various scenarios of the aquifer response to pumping can be generated

with computer programs.

Specific recommendations for additional work in the Flightline Area
follow. All of these activities could be incorporated into the detailed

design phase for the selected remedial alternative.

1) Installing up to five additional Upper Zone monitor wells to
determine the lateral and downgradient extent of the VOC
contaminant plume. The location of the wells will be selected
to determine the downgradient (easternmost) extent of the
plume, and to determine whether the contaminant plume extends
beneath Farmers Branch to the north. These wells could also
be included in any long-term monitoring scheme to evaluate the
effectiveness of the selected remedial alternative in preven-

ting further plume migration.

2) Performing one round of ground-water sampling and analyses for
volatile halocarbon compounds that includes all Carswell AFB
Flightline monitor wells, and monitor wells previously in-
stalled by Hargis and Associates for AF Plant 4 in the
Carswell Flightline Area and on adjoining AF Plant 4 property.
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Analytical results from this effort would help to determine
the location, nature, and magnitude of upgradient contaminant
sources; define the upgradient limits of Upper Zone ground-
water contamination; and evaluate the degree of continuity of
ground-water contamination beneath AF Plant 4 and the Carswell

AFB Flightline Area.

Surface water sampling of Farmers Branch at a point just above
its confluence with the Trinity River. Information gained
through this activity will help in determining the extent of
surface water contamination, will provide information regar-
ding contaminant fate and transport, and will validate as-

sumptions made in the risk assessment.

One to two aquifer tests along Farmers Branch and the small
tributary are recommended to provide additional information to

support remedial actions.

Computer modelling to obtain a better understanding of ground-

water flow and contaminant migration patterns.

7.2.2 Recommended Remedial Action Objectives

The Flightline Area Upper Zone ground water, surface water, and

soils are contaminated with volatile organic compounds. Based on the existing

environmental conditions, the recommended objectives of any remedial actions

are to:

Y

2)

Reduce or eliminate potential impacts to human health and the

environment;

Reduce or eliminate the potential for future contaminant

migration in the ground water or surface water; and
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3) Reduce, eliminate, or immobilize contaminants in near-surface

soil (Upper Zone deposits).

To identify and evaluate remedial alternatives, potentially con-
taminated environmental media were identified based on previous Flightline
Area investigative results. These media include waste material and con-
taminated soil, Upper Zone ground water, and surface water. Specific remedial
action objectives identified for each of the media are presented in Table 7-1.
Remedial action objectives were developed for each media based upon the

following standards or criteria:
. 70-year cancer risk potential;

. National interim primary drinking water standards maximum con-
taminant levels (MCLs) for organics (40 CFR 141.12 and 141.61)
and inorganics (40 CFR 141.11 and 141.62); and

. Proposed MCLs for organics and inorganics.

Table 7-1 does not list all contaminants that have regulatory criteria or
standards. Instead the table lists those contaminants that were identified as
indicator chemicals in the baseline risk assessment for the Flightline Area.
As previously explained, metals are included as indicator chemicals on the
basis of total concentrations detected. However, the dissolved metals
concentrations detected in the 1990 sampling event do not suggest a metals

contamination problem.
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AA
AFB

Alluvium

Aquifer

Aquitard

Artesian

BLS
DOD
ECD
EICP

EPA

Evapotranspiration

Extraction

FDTA
FS

GC
GC/HSD
GC/MS

GFAA
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS

atomic absorption
Air Force Base

stream-deposited sediment; predominantly clay,
silt, sand, and gravel

geologic unit capable of storing and
transmitting significant quantities of ground
water

geologic unit impervious to ground water which
acts to contain ground water within an adjacent

unit

Applicable or Relevant and Appropriate
Requirement

term applied to ground ater confined under
hydrostatic pressure

below land surface

U.S. Department of Defense

electron capture detector

Extracted Ion Current Profile

U.S. Environmental Protection Agency

loss of water from the soil both by evaporation
and by transpiration to growing plants

method for mobilizing contaminant species from a
solid matrix prior to analysis

Fire Department Training Area

feasibility study

gas chromatography

gas chromatography/halide specific detector
gas chromatography/mass spectroscopy

graphite furnace atomic absorption spectroscopy
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

gpd
gpm

Hydraulic Conductivity

IRP
MCL
MS
MSL
MS/MSD
NCP
OEHL
OVA
0&G
PCB
PID
piezometric/potentio-

metric surface

PMCL
ppb
ppm
QAPP
QA/QC
RI/FS

Sow

gallons per day

gallons per minute

a coefficient of proportionality describing the
rate at which water can move through a permeable
medium

Installation Restoration Program

Maximum Contaminant Level

mass spectroscopy

mean sea level

Matrix Spike/Matrix Spike Duplicate

National Contingency Plan

Occupational and Environmental Health Laboratory
organic vapor analyzer

oil and grease

polychlorinated biphenyl

photoionization detector

an imaginary surface representing the static
head of ground water defined by the level to
which water will rise in a well

proposed maximum contaminant level

parts per billion

parts per million

Quality Assurance Program Plan

Quality Assurance/Quality Control

Remedial Investigation/Feasibility Study

State of Work
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

spike

SW-846

TCE
TDS
TOC
TOX
TPM

Transmissivity

USAF

USAFOEHL

USDA
USGS
vocC

water table

a known amount of a compound added to a sample
and analyzed to determine the accuracy of

analysis

EPA test methods for evaluating solid wastes,
physical and chemical methods

trichloroethene

Total Dissolved Solids

Total organic

Total organic

carbon

halides

Technical Program Manager

the rate at which water is transmitted through a
unit width of an aquifer or confining bed under
a unit hydraulic gradient.

United States

United States
Environmental

United States

United States

Air Force

Air Force Occupational and
Health Laboratory

Department of Agriculture

Geological Survey

volatile organic compound

the elevation of the ground water surface in an
unconfined aquifer
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

Multiplication Factor Prefix Symbol
1,000,000, 000,000, 000,000-1015 exa- E
1,000,000,000,000,000-1012 peta- P
1,000,000,000,000-109 tera- T
1,000,000,000-106 giga- G
1,000,000-103 mega- M
1,000-102 kilo- k
100-101 hecto- h
10-10.1 deka- da
0.1=10 2 deci- d
0.01-10"% centi- c
0.001-10 ¢ milli- a
0.000 001—10.9 micro- u
0.000 000 001—10_12 nano- n
0.000 000 000 001-10_15 pico- P
0.000 000 000 000 001-10_18 fento- £
0.000 000 000 000 000 001=10 atto- a

ppm(parts per million) = mg/kg, ug/g, ng/mg, pg/ug, mg/L, ug/mL, ng/ulL

ppb (parts per billion) = ug/kg, ng/g, pg/mg, ug/L, ng/mL, pg/uL
ppt (parts per trillion) = ng/kg, pg/g, fg/mg, ng/L, pg/mL, fg/uL
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APPENDIX A
Lithologic Logs

(Previous Lithologic Logs may be found in CH2M Hill (1984),
Radian (1986), and Radian (1989))
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| DRILLING LOG

| RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS

| 1. PROJECT: CARSWELL AFB,
IRP PHASE Il STAGE 2

|

] 7. TOTAL DEPTH OF HOLE: 40.1 ft 8GL

| 8. DATUM FOR ELEVATION SHOWN: sea level

1

i

1
| 2. LOCATION: Flightline Ares ] 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobite Dritt B8-61 |
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17 1
| 4. HOLE NO.: LF04-01 | 11. ELEVATION GROUND WATER: 600.26 ft MSL (6/18/90) |
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/23/90 I
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 626.50 ft MSL Bl
| X: 2019579.19 Y: 397653.57 | 14. BACKGROUND: 1
1 | 15. MEASURING POINT ELEVATION:  629.24 ft MSL al
|Depth} Graphic | Blow | Soil | | |
[¢Ft.) Log Count |Class/Code |Visual Description | Remarks |
|0 // | u/scLLR |Clay: Dark brown, slightly silty, very stiff, damp |Full recoveries |
| | |minor small gravel. |untess noted. |
[ | | | |
| I I I |
| 2 | U/CLLR |Clay: As mbove, 5 - 10X calcareous material (nodules, | |
| | |mottling). | |
| | | | [
| I I I |
] & | U/CLLR |Clay: Orange/Brown, silty, minor fine sand, calcareous |Could not cut with |
| / | |material ~ 10 - 20X of sample, very stiff. Jknife. |
| I I I |
| I I I |
| 6 | vscLLR |Cley: As above, motrling of various colors is disturbed | |
| / | |1ooking. ! |
| / | | | |
| | I I |
| 8 | u/scLLR |Clay: As above, ~ 20X green silty clay. |Boring does not |
| / | | |appesr to encounter |
| | | |fill material (Like |
| | | |LFO5-02). |
| 10 | uscLLR [Clay: Orange/brown with greenish mottling, silty, | |
| | |sandy, - 1X calcareous material, firm. | |
| | I I |
I / | ! | |
| I | I |
| 1234 - - - - | UssosM |sand: Orange/brown, very clayey and silty; very fine to | |
] I |fine grained, bedding (horizontal) evident, damp: Clays | |
| e | |occur mainly in 2 - 4 in. seams - every foot. | |
| 14 . | ussosM  |Sand: As above. | |
R P I | I |
| | ! i |
I . .‘o .v- I I I l
16 [ .. .. | U/ssosM |sand: Burnt orange, fine grained, slightly clayey, |1.2 ft. Recovery |
| ] |damp, quartzose, Clay occurs as thin seams. | |
I « = . .’o l l l l
N I I I |
! I I I I
| o | | | |
| 19 e | u/sDFN |sand: Tan, fine grained, loose, >95% quartz, damp; |4.2 ft Recovery. |
I I I |
| | | |
| | [ |
| I I |
| I I |

.....

.

.....

|oxidation stained Laminse 21.5 - 22 ft.; 0.4 ft. clay
]seam 21.1 - 21.5 ft.

A-3
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 40.1 ft BGL
| IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill 8-61
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17
] 4. HOLE NO.: LF04-01 1 11. ELEVATION GROUND WATER:  600.26 ft MSL (6/18/90)
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/23/90
| 6. COORDINATES OF HOLE: 1 13. SURFACE ELEVATION:  626.50 ft MSL
| X: 2019579.19 Y: 397653.57 | 4. BACKGROUND:
| | 1S. MEASURING POINT ELEVATION:  629.24 ft MSL
Blow soit |
Count JClass/Code |Visual Description Remarks

|
|
I
|
I
|
|
I
I
|
I
I
I
|
I
|
|
I
I
I
I
I
I
I
|
I
I
|
I
I
|
I
I
|
|
I
|
I
I
|
I
I
I
I
I
I
|

U/SDFN

U/CLLR

U/CLLR

U/SDSM

U/SOGR

U/SOGR

U/MARL

I
|
I
I
|
I

|Sand: As above, heavily oxidized 24 - 25 ft.

!

|Clay: Brown, gray in 1 - 2 in. seams, oxidation
|mottling, sandy (fine grained), cohesive, moist;
|getting sandier past 28 ft., wet at 28.5 ft.

|

|

!

I

|

|Clav: Brown, very sandy, saturated, slightly cohesive;
|sand is very fine to fine grained, - 30 - 40X; 31 - 32
[ft. clay, littte sand; 32 - 34 ft. sand with minor
|ctay.

I

|

|sand: Burnt orange (heavily oxidized), fine to medium
|grained, stightly clayey, stightly cohesive. Increasing
|coarseness and 10 - 20X gravels (small) 33 - 34 ft.

I

|Sand and Gravel: Orange, 50/50, wet: sands very fine to
|very coarse grained, poorly sorted; graveis bimodat:
|[chert and quartz gravels, mostly granule and smatl
|pebbte size; targe gravel (20 - 50 mm) is very
|fossiliferous timestone clasts.

Sand and Gravel: As sbove, numerous shell fragments

|
|
I
f
|
|
|Mart: Limestone, weathered, chalky, fissile.
|
!
|
l
|
|

— — — — — — — — — — — — — — — ey a—

{W. L. Messured
|down augers at 29.6
|ft. 8Ls, W. L.
|after comptetion =
|27.5 BLS, 3.6 ft.
|Recovery.

I

|

I

I

|3.0 recovery at 36
|ft.

|Sampler Refusat at
|40.0 ft.

|prove 1 172 in.
|5.5 ft. sampler; 50
|ptows = 1 in.; T.D.
|= 40.1.

U ENUR S N 0 S B I O B A
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] DRILLING LOG |_RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEEY 1 OF 2 SHEETS !
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 37.7 ft BGL |
| IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea tevel |
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 ]
| 4. HOLE NO.: LF04-02 ]| 11. ELEVATION GROUND WATER:  597.45 ft MSL (6/18/90) |
| 5. NAME OF GEOLOGIST: S. E. Fain ] 12. DATE HOLE ESTABLISHED: 3/28/90 ]
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: $21.00 ft MSL |
| X: 2020510.50 397732.54 | 16. BACKGROUND : |
] | 15. MEASURING POINT ELEVATION:  623.68 ft MSL 1
[Depth| Graphic | | soil | | |
J(Ft.) Log |Class/Code |Visual Description | Remarks 1
| o V | uscLLr |Clay: Dark brown, silty, firm, roots, damp, |Fult sampters |
| | |carbonaceous staining. Junles noted. ]
I | | | |
l | | | |
| 2 | uscLLr |Clay: As above; at 3.0 ft. going to orange/brown, silty | |
| | |clay with 5 - 10X calcareous material. | |
| | | I |
| / | | | |
| & | urcLir |Clay: As above. |1.5 ft. Recovery |
| | I | |
| I I l |
| l I i |
| 6 | uscLLR jclay: Orange/brown, very silty, minor very fine grained | |
| | |sand, stiff, calcareous nodules, carbosceous streaking. | |
| I | | |
| | | | |
j 8 | Uu/cLLR [clay: As above, increasing calcareous material to 30X. | |
| I | | |
| | | | |
| | | | |
l / | | | |
| / | | | |
| 1 S Vd | ursber jsand and Gravel: Orange, very poorly sorted, cohesive, | |
| OO | |clayey, silty, damp, abundant calcareous materist. | ]
| O.'.O.'.O.J | | | |
I OO | | | l
| 13 pOO | U/SDLR |sand: Orange, fine grained, minor larger sizes to ] J
| -0-0-q | |coarse, slightly clayey and silty, damp. | |
| 13.510-0-0 | U/SDLR  |sand: As above, incressing coarseness with depth, 5 - | |
| {OO | [|10X small gravets. | |
| Boo ! | | |
| Foot | | | |
| 5-0-0 | | | |
| 16.5p -~ >~ | U/SDLR |sand: As sbove, gravelly; changing to tan, fine to | |
| OQd | |medium grained, loose, quartzose at 18.0 ft., damp. | |
| 200 | | | |
I 1100 | | | |
| 18.5 OOQ | U/SDLR [sand: As above, well sorted, medium grained, damp; 0.4 |3.5 ft. Recovery |
| 0O-0- | |ft gravelly zone at 21.5 - 21.9 ft, | |
I boo | | | |
oo | ! | |
BT : :
I RSNSK! | | | |
SHOHS!
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 37.7 ft BGL 1
| IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level |
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 |
| 4. HOLE NO.: LF04-02 { 11. ELEVATION GROUND WATER: 597.45 ft MSL (6/18/90) i
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/28/90 |
| 6. COORDINATES OF MOLE: | 13. SURFACE ELEVATION: 621.00 ft MSL |
| X: 2020510.50 Y: 397732.54 |_14. BACKGROUND: |
] | 15. MEASURING POINT ELEVATION: 623.68 ft MSL |
|[Depth| Graphic | Blow | Soil | | |
[(Ft.)] Llog Count |Class/Code |Visual Description ]| _Remarks |
| |0-0-0 | I | |
I D-Q-0 | I I I
IR teite] 1 | | 1
I 5570 | | | |
| o.0-d | I _ _ I |
| 23.5] - . | U/sDLR |sand: Orange/tan, medium grained, well sorted, |4.0 ft. Recovery |
| p-O-0- | |subround, >90% quartz; 0.3 ft. gravelly zone at 27 ft., | |
| OOO | |saturated at 28 ft. | |
I pOO ! ! ! |
I G-0-Jg I I | |
I p-Q-0 I I I |
| |o-0 1 | | |
| 550 | | | |
| [gro | | | |
I 5.0 01 I I ' I I
| 28.5}. .. .. | u/soLR |sand: As above, 1-3X granule size gravel. |W. L. measured at |
| OOO | | |28.1 ft. BLS, 5.0 |
| )OO | | |ft. Recovery |
I |90 ! | | l
I Eeliel I | I
| 0-0-a | | |
I 5-0-0 ] I | !
I ood | | |
| N-0-O | | |
| 5351000 | | o e . !
| 33.5{ . . | U/SDLR |sand: Tan, medium grained, quartzose, loose, wet, 5% 3.7 ft. Recovery. |
| POO | |gravets to 25 mm. |
I SRER | | !
I P00 l | !
| Q-0- I | |
I N-0-0- I I |
| raWa. | - I
| 37 | U/mMARL |Limestone: Marly, weathered sand and gravel intermixed, |T.D. = 37.7 ft. |
| | |fissile. |
I | |
| I |
| I |
| | |
I | I
| I |
I | |
| | I
| | I
| I |
| I I
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DRILLING LOG

| RADIAN CORPORATION

INSTALLATION: CARSWELL AFB, TX

| SHEEY 1 OF 2 SHEETS

1. PROJECY: CARSWELL AFB,
IRP PHASE Il STAGE 2

7. TOTAL DEPTH OF HOLE: 37.6 ft BGL

8. DATUM FOR ELEVATION SHOWN: sea level

|
I
]
]

2. LOCATION:

Flightline Area

9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-61

| 3. DRILLING AGENCY:

Environmental Drillers, Inc.

10. NO. OF SAMPLES TAKEN: 14

. HOLE NO.:

LF04-03

11. ELEVATION GROUND WATER:

597.58 ft MSL (6/18/90)

S. B. Blount, S. E. Fain

12. DATE HOLE ESTABLISHED: 3/20/90

A
5. NAME OF GEOLOGIST:
]

. COORDINATES OF HOLE:

13. SURFACE ELEVATION: 620.50 ft MSL

e —p— b }— — }— }— }— }—

15. MEASURING POINT ELEVATION:

623.25 ft MSL

]
]
I
l
|
I

| Remarks

|clay: Brown, soft to firm, semi-plastic, with fine
|roottets and minor carbonaceous streaking and

|Clay: As above, firm to stiff (stiffens to base), minor
lcalcareous debris, more abundant carbonaceous staining,

|Clay: Orange/brown at 4.1 ft; brittle, damp, abundant
|calcareous debris, slickensided, calichified with some
|suthigenic mineralization (crystals of CaCO3 in shell

|Clay: As above, very stiff, slightly sandy and silty.

|Clay: As above, few large CaCO3 pebbles (25 mm),
|increasing clacareous meterial with depth, very fine

|Clay: Orange/brown, silty, cohesive, damp, > 30X

|sand: Orange, fine grained, loose, damp, quartzose,

|well sorted; at 14.3 ft. sharp change to tan, very fine

|sand: Orange, fine to medium grained, quartzose, damp,

|Sand: Orange/tsn, fine to medium grained, damp, loose,
|subround, > 90X quartz, 1 - 3X small gravel and shells.

X:  2020506.79 Y: 397683.46 14. BACKGROUND:
Depth| Graphic | Blow | Soil |
Ft. Log Count |Class/Code [Visual Description
| o ’ | uscLay
| |
| | |particles, moist to wet.
| | I
| 2 | urcLar
| |
| | |very stiff; 3.8 - 4.0 ft.
| I I
| & | u/cLLr
| I
| I
| | |frags.); very hard, silty.
| 6 | uscLLr
| | |
| | |
| | |
| 8 | uscLLR
| |
| | |grained sand.
| | |
| 10 | u/CLLR
| | |calcareous material, stiff.
| | |
| | |
| A I |
|12, .. | U/SOFN
T P |
| | |grained sand, heavily oxidized in laminae.
| | |
| 14.5). - . .. | u/ssaND
| s | |loose; gravelly seam 15 - 15.5 ft.
| R | |
| Cee | |
I R f I
I .. I |
| s e e | |
R | |
I . I |
N S | |
| 19.5{0-0-O | u/sOLR
I p-0-of l
I foleNe | '
A
OO

|Full recovery
|unless otherwise
|indicated.

I

|Too stiff to cut.
I

!

|

|Hard pushing.

|1 ft. recovery,
|ST. Rig broken.
|Continue after
|repairs.
|caliche Layer at
|12 ft., dritling
| through.

3 ft. Recovery.

4 ft. Recovery.

@ ——— — — —— —— — — — —— — — —— — — — — — — —

Y N A o I I
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DRILLING LOG | RADIAN CORPORATION

| _INSTALLATION: CARSWELL AFB, TX

| SHEET 2 OF 2 SHEETS

|
| 1. PROJECT: CARSWELL AFB,
| IRP PHASE 11 STAGE 2

| 7. TOTAL DEPTH OF HOLE: 37.6 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION: Flightline Area | 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Dritl B-61
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14
| 4. HOLE NO.: LF04-03 | 11. ELEVATION GROUND WATER: 597.58 ft MSL (6/18/90)

| 5. NAME OF GEOLOGIST:

S. B. Blount, S. E. Fain

| 12. DATE HOLE ESTABLISHED: 3/20/90

| 6. COORDINATES OF HOLE:

] X: 2020506.79 Y: 397683.46

| 13. SURFACE ELEVATION:  620.50 ft MSL

_] 14. BACKGROUND:

|

_ | 15. MEASURING POINT ELEVATION:

623.25 ft MSL

[Depth| Graphic | Blow | Soil

Count __|Class/Code

Visual Description

Remarks

24.5 U/SDLR

U/SDLR

U/GRVL

U/GRVL

U/MARL

|

|

|

|

|

I

I

|

|

|

I

|

|

|

|

I

|

|

|

|

|

|

| 32
|

|

|

|

|

|

|

|

|

| [ >
| 37.5f~T-T]50
|
|
|
|
|
|
|
|
|
|
|

O
O

I
]
I
I
I
I
I
I
|

]Sand: Orange/tan, fine to medium grained, wet, loose,
|0.5 ft. gravelly zone at 27 ft., quartzose; at 30 ft.

Sand: As above, saturated.

|Gravel: Varicolored, up to pebble size (30 mm), sheils,
|<10X sand, saturated.

I

I

I

|Gravei: As above, mainly small pebble size (5 - 10 mm),
|shells, subangular to subrounded, large percentage of
|chert.

|

I

I

|Marl: Chalky gray, indurated, oxidation stained
| throughout.

|W. L. measured at
|26.3 ft. Bls. 2.6
|ft. recovery.

3.2 ft. Recovery.

I
I
[
I
I
I
I
I
I
I
I
I
l
I
I
I
I
I
I
I
I

|sampler refusal at
|37.5 ft., drove 1
{172 in. s.s. 50
|blows = 1 in.; T.D.
|= 37.6 ft.

I
I
I
I
I
I

S S S S S S U UUU U U S I I IS ——— SSUY B S S Ty Y Sy By By B

A-8



€4 198

| DRILLING LOG

| RADIAN CORPORATION

INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS

| 1. PROJECT: CARSWELL AFB,
IRP PHASE Il STAGE 2

!

7. TOTAL DEPTH OF HOLE: 25.4 ft BGL

8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION:

Flightline Area

Mobile Drill B-61

| 3. DRILLING AGENCY:

Environmental Drillers, Inc.

10. NO. OF SAMPLES TAKEN: 10

| 4. HOLE NO.:

LF04-04

]
!
!
| 9. MANUFACTURER’S DESIGNATION OF DRILL:
1
I

11. ELEVATION GROUND WATER: 595.32 ft MSL (6/18/90)

1

1

1

1

1

|

| 5. NAME OF GEOLOGIST: S. E, Fain _| 12. DATE HOLE ESTABLISHED: 3/20/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 609.40 ft MSL 1
| X: 2021365.82  Y:  397554.53 | 14. BACKGROUND: 1
] | 15. MEASURING POINT ELEVATION: 612.07 ft MSL 1
|pepth| Graphic | Blow | Soil | | I
Ft. Count |Class/Code |Visual Description |_Remarks ]

| o | uscLLr |Clay: Red/brown, sandy, silty, damp, cohesive, roots; |[Full sample |
| | |incressing sand with depth. |recoveries unless |
l | I [noted. |
| 1.5 [+ - -« - | U/ssOsM |Sand: Red/brown, clayey, cohesive, minor small gravel, |1.6 ft. Recovery. |
I | |damp, decreasing clay content with depth. | |
| . I | I I
N R | | | |
| | | I |
| 4 .. | u/ssanD |Sand: orange, fine to medium grained, slightly | |
| R | |cohesive, quartzose, damp, subangular to subrounded. | |
| SO I | I |
| . . I I I |
|6 |- - - | U/SAND |Sand: As above, only tan and loose. |1.7 ft. Recovery. |
I I I I I
| | I I I
I . x | | I I
| 8 o | UssaND  |Sand: As above, damp. [1.5 ft. Recovery. |
| SRR I I I I
| | | | |
| e | | I |
| 10 O\/O\yd | U/ssDLR |Sand: Tan with occassional iron stained thin beds, |3.7 ft. Recovery. |
| . . | | loose, damp, fine to medium grained; 1 - 3X gravels | |
| . OO | |starting at 12.5 ft. [ |
! Q-0-d | | | |
| BO0 | | | |
B elel: | | | |
| 00 | | | I
| [0 | ! | |
| 137bOO | ussbGr |Sand and Gravel: Fine sand to pebble size gravel, |3.5 ft. Recovery. |
| OOC | |stightly clayey, shells, 50/50 sand to gravel, mainly | |
| PP | |quartz/chert, wet. | |
| 000 [ | I I
| 0-0-d | | | |
| Q-0 | | | |
| Q-0 | | | |
I [0-C-0 I I I I
| ]-.0-0- | | | |
| D-0-0 I I I |
| 19 O C | U/GRSM |Gravel and Sand: As above, but gravel content |4.0 ft. Recovery. |
| OOO | |incressing to 70X, gravels mostly S - 10 mm; but some | |
| SR | {to 40 mm, sand mainly coarse grained, limestone clasts; | |
| OOC | |23 - 24 ft. slightly indurated - increased limestone | |
| 000 I |content. | |
| 100 | | | |

.O.
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| INSTALLATION: CARSWELL AFB, TX

| SHEET 2 OF 2 SHEETS

DRILLING LOG [ RADIAN CORPORATION
1. PROJECT: CARSWELL AFB,

| 7. TOTAL DEPTH OF HOLE:

25.4 ft BGL

IRP PHASE 11 STAGE 2

| 8. DATUM FOR ELEVATION SHOWN:

sea level

LOCATION: Flightline Area

| 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-é61

DRILLING AGENCY: Envirormentsl Drillers, Inc. | 10,

NO. OF SAMPLES TAKEN: 10

2.
3.
4. HOLE NO.:
5.
6

1
I
l
l
l
l
l
|
]
]

LF04-04 | 11, ELEVATION GROUND WATER: 595.32 ft MSL (6/18/90)
NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/20/90
. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 609.40 ft MSL
X:  2021365.82  Y:  397554.53 | 14. BACKGROUND:
| 15. MEASURING POINT ELEVATION:  612.07 ft MSL
|Depth| Graphic |  Blow | Ssoil | ]
[(Ft.) Log | Count |class/Code |Visual Description _| Remarks
| 1504 | |
5-0-0 | I
G0 | |
-0-0 | !
O-0-Q | I
2 0-0-0 U/GRSM |Gravel and Sand: As above. |
JeHeX | I
25 1 [ }so U/MARL |Limestone: (Marl) wWhite/gray with iron staining in |sampler refusal at
|fractures, indursted, shaley parting. |25.0 ft., well

I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I

|drive 5.5 ft.; 50
|blows = 4.0 in.;
|T.D. = 25.4 ft.

e e e — = - - =
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] DRILLING LOG | RADIAN CORPORAT ION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 26.1 ft BGL _1
] IRP PHASE [ STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
] 2. LOCATION: Flightline Area |_9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
1 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 12 1
| 4. HOLE NO.: LFD4-05 | 11. ELEVATION GROUND WATER: ]
| 5. NAME OF GEOLOGIST: S. B. Blount _| 12. DATE HOLE ESTABLISHED: 3/28/90 1
I 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION:  608.80 ft MSL |
| x: 2020805.42 Y: 397347.91 | 14. BACKGROUND: |
| | 15. MEASURING POINT ELEVATION: ]
|Depth| Graphic | Blow | soil | | |
| [(249) Log _ Count [Class/Code |Visual Description | Remarks 1
| 0 V/// | uscLLRr |Clay: Dark brown grading to brown and orange mottled, |Full samplers |
| | |fine roots, soft to firm, demp, silty with minor (< 5X) |unles noted |
| | |calcareous debris end carbonaceous streaking. |otherwise. |
I I I | |
| 2 | uscLLR |clay: As above, calcereous debris in small caliche |1 ft. Recovery. |
| | |pockets (<5 mm). | |
I I | I I
| I | I I
| 4 | U/CLLR |clay: As sbove, calcareous debris zone 4.6 - 4.9 ft., |1 ft. Recovery. |
| | |otherwise less than 5X; softer, moist. | |
I I I I I
I I I I I
| 6 | u/cLLR |Clay: As above, mottling decreased - uniform orange |1.5 ft. Recovery. |
| ////////// | |color; calcareous debris and rootlets < 2X; increased | |
| | |silt to almost clayey silt. | |
I | I I |
I I I I I
I A | I I |
|8.8}--- - | U/sbsK |sand: Tan/buff at 8.8 ft.; very fine to fine grained, [1.5 ft. Recovery, |
| o '_'| | |moderate to poor sorting, subsngular, quartzose with > |Very sharp contact, |
[ PO | |95X quartz and heavy minerals, very loose, damp, minor |sample disturbed |
[ - | |clay lenses at top, few coarse shell fragments. |Cin pile). |
I I | I I
| 1.1 .tj,tj,' | U/SDGR |sand and Gravel: at 11.1 ft. sand is as above, oxidized |1 ft. Recovery. |
| Cj'tj'kj | |orange, wet, very poorly sorted; gravel is ~ 30X, | |
| P | |average 10 mm, CacO3, minor clay makes entire sample | |
| 00 | |fairly cohesive; Clay incresses to 13 ft. ] |
| 12 CQ';Q'F:% | U/GRSK |Gravel, Sand, and Clay: As above, gravel up 40X. |Wster in hole at |
I JONGL | | [12 ft.; W. L. = |
| 0-0-0 | | [12.72 ft., 13 to 14 |
| -0-0-( | | |ft. no recovery. |
| 1% [0-0-0O | U/GRSM  |Gravel and Sand: As above, with minor clay. [ l
| 16 .tj.tj.t | U/GRSM |Gravel and sand: Orange, 60X + gravel, average 20 mm up |Poor recovery; ]
| tj_tj.tj | |to 80 mm; very poor sorting, subrounded; coarse |gravel slipped out.

| .tj_tj.' | | fraction predominantly CaCO3 frags; finer fraction | |
| b T # | |predominantly vericlored subrounded quartz grains; some | |
| ICE.;Q.F:a | |smell shell frags (sand sized), very loose; wet. | |
| el | | | |
| 19 EE'EZ!'EQ | U/GRSM |Gravel and Send: As above, gravel is ‘coarse’/ as above |Possibly gravel |
| L'ﬁl'ﬁ)‘g | |- average 20 mm; sand is fine to coarse grained, |only; sample poor;

| Fq-' .-Fq | |quartzose, loose, wet, very porly sorted, subangular. |sand recovered may

| }-O-0- | | |be sluff. |
| 0-0-0 | | I I
| .O-0O-d I | I I

A-11



64 201

| ORILLING LOG | RADIAN CORPORATION ] INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS ]
l 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 26.1 ft BGL M
| IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
] 2. LOCATION: Flightline Area ] 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-4% 1
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 12 |
| 4. HOLE NO.: LF04-05 | 11. ELEVATION GROUND WATER: ]
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/28/90 |
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 608.80 ft MsL 1
| Xz 2020805.42 Y: 397347.91 | 14. BACKGROUND: |
] 1 15. MEASURING POINT ELEVATION: ]
|pepth| Graphic | Blow | Soil | | |
[(Ft.) Log Count |Class/Code |Visual Description | Remarks 1
N SR I I
syeye; I l
-0-0-( | |
0-0-0 | |
004 I I
NSO | l
24 ¥ '-Eﬁ-C U/GRSM |Gravel and Sand: As above, good coarsening downward |
-O- QR |seq., fine to medium grained sand to sand and gravel to |
OOOA |clean fine gravel to coarse gravel; sand is same as 11 |
)-0-0 ! |to 12 ft. |
25.8H T 1 T 150 U/MARL |Mart: Highly calcareous, fissile, semi-indurated, |Refused at 26 ft.
|shaley clay; light to medium grey, heavily oxidized |Went in with SS; 50
|between (amina, harder to base (clay-like st top), |btows went < 0.1
|brittie, wet. |ft. Abundant coarse
| |sravel on augers

|when removed. T.D.
|at 26.1 ft.. Hole
|caved to 14.5 ft.
|after auger
|removal.

e s . — ——— —— — — — — — — — — — — — — — et i o — —— —
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I
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I
I
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I
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I
I
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I
I
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEEY 1 OF 2 SHEETS |
l 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 31.5 ft BGL |
] IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flighgline Area | 9. MANUFACTURER'S DESIGNATION OF DRILL:  Mobile Dritl B-61 |
| 3. DRILLING AGENCY:XWirmntaI Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 |
| 4. HOLE NO.: LFN'Oé\ | 11. ELEVATION GROUND WATER: |
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/28/90 {
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 613.30 ft MSL ]
| X: 2020593.25 Ys: 397210.60 | 14. BACKGROUND: |
1 | 15. MEASURING POINT ELEVATION: |
|Depth| Graphic | Blow | Soil | | |
J(Ft.) Log Count |[Class/Code |[Visual Description | Remarks N
| 0 d | Uu/CLLR |clay: Brown, soft to firm, semi-plastic, sandy in |Full recovery |
| | |intervats (1 - 1.5 ft.), roots, moist, minor calcareous |unless noted |
| | |flecks. |otherwise. 1 ft. |
| / ] | |Recovery. ]
] 2 | uscLer |Clay: As above. | ]
| / | | | |
I | | I [
] 3.3 | u/scLLr |clay: Brown, firm semi-brittle, abundant calcareous | |
| | |debris, dry to demp, minor roots, caliche zone to 5.4 | |
| | |ft.; caliche is dry, white/brown mottled, brittle, | |
] ] |sandy with calcareous and carbonareous debris. ] ]
| 5.4 ] U/sAND |sand: Orange, very fine grained, subrounded, moderately |Sharp contact. ]
| | |sorted, quartzose w/ < 95X quartz, dry, loose w/ minor | |
| | |rootlets, few shell fragments < 3 mm. | |
| / | | | |
l ) l l | |
| 8 e . ] u/sbLr |sand: As above, clayey soil horizion at top with |Musky odor. ]
| OOC ] |pebbles (calcareous), roots. ] ]
I RO0O | | | |
I 1100 | | | |
| 10 [)o. .-Fq 9,17,17 | U/SDLR |Sand: As above, thin pebbte layer at 10.2 - 10.5 ft. |ST refusal at 12 |
| -b-o-c | |(pebbles calcareous and up to 15 mm); send below very |ft.; drive SS. |
| Ejbo | |fine grained with some coarser fraction, poorly sorted, | |
| 'OOQ ] |few calcareous pebbles < 10 mm, minor shell frags, | |
] 5-0-0 | [single gravel clast - 25 mm. | i
B : |
1 L0 | | | |
|14 OO | U/SDLR  [Sand: As above. | |
| 0-0-0 | | I |
| }-0-0-( | | | |
| 0-0-0 | | | |
|16 [.0.0O-¢ | U/SDLR  |Sand: Yellow-orange, very fine grained, subangular, | |
| OOO | |moderately well sorted, quartzose > 95X quartz, loose, | |
| BCRQCRE | |moist to 17.5 ft., moist to wet to 19 ft., wet below; | |
| OOC | [minor gravel < 1X throughout; color | |
| OOO | | laminations/mottling, coarsening dowrward. ] |
| 110-0-g | | | |
| RQ0 | | | |
I 110-0-4 | | | |
20 D-0O-0O } u/soLr |Sand: Light brown/tan, very fine to medium grained, |[Water in hole at |
] OO( | |very poorly sorted, angular, quartzose with 5 - 10% |20 ft. Sand and |
] OOO ] |heavy minerals, loose, satursted, rock fragments (very |gravel. |
| O'O/j | |coarse sand/fine pebbles) increase to base ~ 25X from | |
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| DRILLING LOG | RADIAN _CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 31.5 ft BGL
| IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level
] 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61
] 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13
| 4. HOLE NO.: LF04-06 | 11. ELEVATION GROUND WATER:
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/28/90
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 613.30 ft MSL
| x: 2020593.25 Y: 397210.60 | 14. BACKGROUND:
| | 15. MEASURING POINT ELEVATION:
[Depth| Graphic |  Blow | Soil | |
[(Ft.)| tog _| count |Class/Code |Visual Description | Remarks
| tj.tj.' |23 - 24.1 ft.; sand at bese, few large cobbles.
o le | J
felies | |
speyel l |
NOReR! | '
slelel I |
it : :
25 OOO U/SDLR |sand: As above. |
00§ | |
0-0-0 | |
26.2,'§2’F:1'd U/GRSM |Gravel and Sand: Gravel is very poorly sorted from 2 to |
OOO' |30 mm, composed of quartz, calcareous lithoclasts and |
-0O-0-q |shell fragments. Sand is as above. |
0-0-0l I |
siefle | |
5o | | N
29.6F > U/GRSM |Gravel, Sand, and Clay: Highly calcareous, chalky, |Mitld HC odor at
) 'CQfF2| |soft. |bottom of sample.
n U/MARL |Marl: Fissile, indurated, light grey, calcareous, |Refused st 31 ft.
|brittle, shaley. (Minor marly frags at bottom of sample |Could not sample
|= basis for description) |with SS. Cave in.

|and obtain solid
|bit refussl. Entire
|recovery fell;
|priller says bit
|refusal at 31.5 ft.
|T.D. at 31.5 ft.

—— . ——— v Moy ——— —— — — —— —— —— —— — —— —— — — ——
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|
|
I
!
|
|
I
I
|
|
|
I
|
|
|
I
|
|
|
!
|
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| ORILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS |
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 39.1 ft 8GL |
1 IRP PHASE I1 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritl B8-61 1

3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 15 |
| 4. HOLE NO.: LF04-07 | 11. ELEVATION GROUND WATER: |
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/19/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 630.40 ft MSL |
1 x: 2020897.22 396819.74 | 14. BACKGROUND: 1
L | 15. MEASURING POINT ELEVATION: N
|oepth| Graphic | | soit | I I
I¢Ft.)l  Log IClass/Code |Visual Description | Remarks 1
| o | uscLer |ctay: Dark Brown, silty, firm to stiff, damp, roots; |Full sampie |
| | |calcareous noduies asbundant 3 - 4 ft., carbonaceous |recoveries uniess |
| | |streaks. |noted. 1 ft. |
| | | |Recovery. |
I I | | I
I I I | I
I J ! I |
| I | | I
| 4 | vurcur |Clay: As above, Orange/Brown, getting siltier, stiff. | |
| I ! I I
I I | | I
I I | | I
I I | | I
| 6.5 | ursmy Jsitt: Orange/Brown with very fine sand, dry, cohesive, | |
| | |abundant calcareous nodules and infilled fissures, | |
| | |carbonaceous staining in laminae. | |
| I | | |
| I | | I
I I | | I
| | | | I
| 9.8 (" "7 | u/SDVF |sand: Tan, very fine grained, loose, dry, well sorted. |Pushed 1.5 ft. ss. |
[ P | | |sampler. |
| 10 . | u/sovr |sand: As above, dry. |1.5 ft. Recovery. |
[ IR I | | I
| | | | |
I R I I | |
I .. | I | |
N P | | | |
| o | | | |
I .. I I | I
|5 |-+ | ussovF |sand: As above, slightly indurated in places. |2.5 ft. Recovery. |
R | | | |
I C e | I | |
I SRR I I ! |
| | I | !
| | I I |
|18 |- - ... | U/sAND |sand: Orange/Tan, very fine grained to fine grained | |
| L v | |stightly indurated in places, trough cross-laminated, | |
| L | |oxidation staining in laminae. | |
T | | I I
| 20 ° | u/saND |sasnd: As above, dry. |3.0 ft. Recovery |
I I | I
| I I I
I I | i
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] DRILLING LOG ] RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS |
] 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 39.1 ft BGL i
| IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level |
| 2. LOCATION: Flightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 1
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 15 1
| 4. HOLE NO.: LF04-07 ] 11. ELEVATION GROUND WATER: ]
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/19/90 |
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 630.40 ft MSL ]
| x: 2020897.22 Y: 396819.74 | 14. BACKGROUND: ]
L | 15, MEASURING POINT ELEVATION: |
|0epth| Graphic | Blow | soil | | |
I(Ft.)] Log | Count |Class/Code |Visual Description | Remarks 1
| . | | | |
| ..... I I I I
I . .. ! | | !
| | | | I
| : | ! ! !
I L | I | |
| 23.7 tj,t:j.t] | U/sSDGR |sand and Gravel: Tan, 50/50, gravel is mainly granule | ]
| | |size (chert and shell fragments), loose, dry, | |
| 1 |subrounded. | I
| | U/SDGR |Sand and Gravel: As above, dry, poorly sorted, very |2.7 Recovery. |
| | |fine sand to pebble size gravel (10 mm). | |
| | | | |
| | | | |
| | | | |
| | u/sOVF [sand: Orange, slightly clayey (28 - 29 ft.), damp, very | |
| | |fine grained. | |
| | | | |
| | I | |
| | U/SDFN [Sand: Orange/Ten, fine grained, loose, slightly damp, |2.3 ft. Recovery. |
| | |well sorted, quartzose. | |
| | ! | |
! ! ! ! |
| ! | | |
! I I | I
| | U/SDFN |sand: As above. | |
I I | | I
| | | | |
| I | | |
| | U/sDLR |sand: Orange/tan, damp, fine to medium grained, loose; |W. L. measured at |
| | |1 - 3% small gravel 37 - 33.2 ft., wet, medium to |37.0 ft., 2.5 ft. |
| | |cosrse grained. |Recovery, Auger |
| | | |refusal at 38.5 ft. |
| | | I |
I I I | I
| I | | I
| | U/MARL  |Marl: Whitish - Gray with oxidation staining, |prove 15 in. s.s.; |
| I [
I | |
I | I
I | |
I | |
I ! |
| I |
| I |
I I I

|calcereous, indurated.

|50 blows/ 3/4 in.;
|38.6 ft. T.D.
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DRILLING LOG

| RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 3 SHEETS

1. PROJECT: CARSWELL AFB,
IRP PHASE 11 STAGE 2

| 7. TOTAL DEPTH OF HOLE: 47.4 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

I
I
|
]
]
]

|
|
|
2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritl B-61 |
3. DRILLING AGENCY: Envirornmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17 |
4. HOLE NO.: LF04-08 1 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/19/90 |
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 630.00 ft MSL |
| X:  2020021.91  Y:  396935.08 | 14. BACKGROUND: |
| | 15. MEASURING POINT ELEVATION: |
|Depth| Graphic | Blow | Seoil | | |
J(Ft.)]  Log Count |Class/Code |Visual Description | Remarks |
| o Z;// | uscLay |Clay: Dark Brown, stiff, damp, roots, calcareous |Futl sample |
| | |nodutes at 3.5 - 4.0 ft. |recoveries unless |
I I I |noted. I
I I I | |
| 2 | uscLLr |Clay: As above, silty. | |
| | | I I
I I | | |
I | | | I
| | | | |
I i I I | |
| 5 | ussiLr |sitt: Orange, sandy (very fine grained), dry, cohesive, |No Recovery; could |
| | |carbonaceous spotting. |not get sample out |
| | | |of sheiby tube, |
| | | |[Description based |
| | | Jon top and bottom
| | | |of sampte. |
| I | | |
| 8.1 . e | U/SDFN |sand: Orange/tsn, fine grained, loose, dry, well | |
I AR | |sorted, subround, quartzose. | |
I " I I | I
|10 | ... | ussDEN |sand: As above, horizontal bedding seen in/as minor | |
| T | |color changes, dry; going to tan st 12 ft. |
I PO I I | I
I .- I I | I
I | | | |
I c .. I | | |
I R | | | |
I | | | |
% .. ... | U/SDFN |sand: As above. |Started with 5 ft. |
I e I I |sampler at 14 ft., |
| U I I |3 ft. Recovery. |
I P | I | I
| st I I |
| | | |
17 .. ... | ussaND |sand: Tan, very fine to fine grained, dry to slightly |
| s | |damp, > 95X quartz, subangular to subround, frosted. |
I U I I I
T A | | I
| 19 .- | ussanD |sand: As above, still dry, mainly fine grained. 3.5 ft. Recovery.
I I I I
| | I I
I | | |
| I I |
I I | |
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 3 SHEETS

| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 47.4 ft BGL

] IRP_PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION: Flightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17

| 4. HOLE NO.: LF04-08 ]| 11. ELEVATION GROUND WATER:

| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/19/90

| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 630.00 ft MSL

| x: 2020021.91 Y: 396935.08 | 14. BACKGROUND:

|

| 15. MEASURING POINT ELEVATION:

|Depth| Graphic | Blow | Soil | |
J¢Ft.) Log Count [Class/Code |Visual Description | Remarks
| SRR | | |
| U | | |
[ P | | |
| . I | |
| ) | | |
I R | | |
| 24 ] U/saND |sand: As above. |
| o | | |
| L. ... I | |
| 5.2 | U/SOLR |sand: Gravelly, very fine sard to pebble size (20 mm) |3.2 ft. Recovery
| 'FQ'F?'i | |gravel, dry to slightly damp, gravel mostly chert, 0.1
| (Q'F:!'Fq | |ft. white fossilferous Limestone bed at 28 ft. Tan fine |
| 00 | |sand 28.1 ft. to 29 ft.; gravels - 5% - 10%. |
I Q0 | | |
| )00 | | |
| 0-0-0 | | |
| 29 .tj.tj.t | ussoLR |sand: Ten, fine to medium grained, loose, dry, |6 ft. Recovery
| EJ‘!:Q'FE | |quartzose, 1 - 3X chert gravel. ]
B GICE | |
| Q’-O.'-O-A | | |
| OO | | |
I R00 | | |
I 1100 l I |
| 33 Fz-f:q-gq | U/SDLR |Sand: As above, increasing gravel to 5 - 10X at 33 - 34 |
| Q-0+ I |fe. |
| 34 Ej.i:j,tj | u/ssoLrR |sand: As above, wet, fine to medium grained. |W. L. measured at
ey L H
1 RO % | | |
| 100! | | |
| B00 | | l
137 [T 71 | u/mMARL |Marl: Gray, fossiliferous, weathered; intermixed with |Not good limestone
| | | |sand and gravel, wet, gravels are granule and pebble |or shale. Still
| T L | |size, mainly chert. |significant sand
| 1 ] | jand gravel.
| 39 I I | U/MARL |Marl: Thin beds and gravel size pieces of limestone |3.6 ft. Recovery.
| T ! | |intermixed with sand, gravel, and shells, wet, shaley. |
| I 1 | | |
| - | | I
| ] | | |
| [T | | I
| ! | | |
| - | | |
[
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'

] ORILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 3 OF 3 SHEETS i
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 47.4 ft BGL 1
] IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 1
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17 B
| 4. HOLE NO.: LFO04-08 ] 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. E. Fain |_12. DATE HOLE ESTABLISHED: 3/19/90 |
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 630.00 ft MSL A
| X: 2020021.91 Y: 396935.08 | 14. BACKGROUND: 1
| | 15. MEASURING POINT ELEVATION: A
|pepth| Graphic | Blow | Soil | | |
1(Ft.) Log Count |Class/Code [Visual Description | Remarks 1
B | |
1 I I
1 T ] |
1 T
1T T I |
| ] |
" Lj IJ U/MARL  |Marl: As above, indurated limestone beds (0.1 - 0.3  |prilling through
T ] |ft.) intermixed with gravelly sand. |marl, looking for
I I T | |auger refusat.
T | |
T I !
T I |
47 | |50 U/SHLE |Shale: Dark Gray, indurated, fissile, no fossils, |Auger refusal at
| homogeneous . |47 ft.; 50 blows
| |for 0.4 ft.; T.D. =
[47.4 ft.

e . . — —— — —— — — — — — — — —— — e — — ey —  —— — ——— — —— i — — — —— — s — — — — — — . —
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| |
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I |
l |
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| DRILLING LOG | RADIAN CORPORATION

] INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 3 SHEETS

| 1. PROJECT: CARSWELL AFB,

| IRP _PHASE 11 STAGE 2

| 7. TOTAL DEPTH OF HOLE: 47.0 ft BGL

] 8. DATUM FOR ELEVATION SHOWN: sea level

] 2. LOCATION: Flightline Area

| 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61

| 3. DRILLING AGENCY: Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17

| 4. HOLE NO.: LF04-09

| 11. ELEVATION GROUND WATER:

| 5. NAME OF GEOLOGIST:

S. E. Fain

| 12. DATE HOLE ESTABLISHED: 3/6/90

| 6. COORDINATES OF HOLE:

|_13. SURFACE ELEVATION: 627.40 ft MSL

]

|

]

1

|

|

]

|
| x: 2021145.70 _ Y: 397136.15 | 14. BACKGROUND: |
1 | 15. MEASURING POINT ELEVATION: |
|oepth| Graphic | Blow | Soil | | |
J(Ft.)| Log | Count |Class/Code |Visusl Description | Remarks |
| o | u/cLLR |Clay: Brown, going to red/brown at 2 ft., silty, moist; |Top soil first 1 |
| | |at 2.7 ft. dry, crumbly, very stiff, roots, minor |ft.; Using 5 ft. |
| | | carbonaceous staining. |s.S. sampler; 4 in. |
| | | |o.p.. 3 1/2 in. ]
| I I [1.0. |
| | | I I |
I | | I I |
I | | | | !
|4 | | u/cLLR |clay: Brown, silty, minor very fine grained sand, | |
| | | |calcareous nodules 5 - 5.2 ft., carbonaceous staining | |
| | | |in root areas, increasing very fine grained sand at 7.5 | |
| | | [ft. | |
| | | I |
| | | | |
I / I I l I
I / I I | I
| 8 | U/CLLR  [Clay: As above, Red and Brown mottled, dry. | |
| | | I |
| ; ] | | ! |
| | I I |
| 9.6 | | U/SAND |Sand: Orange, very fine to fine grained, quartzose, |3.5 ft. Recovery |
| I [ |damp, Loose. [¢9 - 12.5 ft.). |
| .. | | | |
| 11.5 UUI\,I | ussocr |sand and Gravel: Orange/tan, poorly sorted, loose, | |
| DO'O ! | jdsmp, numerous shells, gravels to 20 mm. ] |
| |C-0-O | | | |
| b-O-0O | | I |
| aNaWe' | I I |
| 4 .. | u/sAND |sand: Light tan, very fine to medium grained, loose, |2.5 ft. Recovery. |
| T I |dry, various mineralogies. | |
| ..... | | | |
|l | | | |
| 16 >OOC{ | ussoer |sand and Gravel: Tan, very fine sand - pebble size | ]
| PPN | |gravel, loose, damp, numerous shells, various | |
| poo{] | |mineralogies. | |

P N Y

w7 - | u/ssovr |Sand: Tan, very fine grained, quartzose, loose, dry, | |
| [ |well sorted, subround, slightly indurated and laminated | |
| . | {18.5 - 19 fr. | |
| 19 OOO | u/ssoGr |sand and Gravel: Orange/tan, poorly sorted, 50X sand - |3.5 Recovery. |
| OO | [S0X gravet, mmerous pelycepod? shells, loose, damp; | |
| FOOO I |0.2 ft. brown clay seam at 22 ft.; gravels to 30 mm, | |
! b S | | subround. | I
I pSO | | | I
IcHeRe I I I |
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 3 SHEETS {
| 1. PROJECT: CARSWELL AFB, 7. TOTAL DEPTH OF HOLE: 47.0 ft BGL 1
8. DATUM FOR ELEVATION SHOWN: sea level |

| IRP PHASE 11 STAGE 2
| 2. LOCATION: Flightline Area 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61
10. NO. OF SAMPLES TAKEN: 17

1
|
2 |
3 ]
| 4. HOLE NO.: LF04-09 | 11. ELEVATION GROUND WATER:
5 |
6 ]
i
i

-

. DRILLING AGENCY: Envirormental Drillers, Inc.

._NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/6/90

. COORDINATES OF HOLE: 13. SURFACE ELEVATION: &627.40 ft MSL

1

1

1

1
| Xz 2021145.70 Y: 397136.15 14. BACKGROUND : B
1 15. MEASURING POINT ELEVATION: |
[Depth| Graphic | Blow | Seoil | | |
[(Ft.) L Count |Class/Code |Visual Description _| Remarks 1
190 | | | |
I p-O-O- [ | [ I
| 0-0-9 | | | |
| D-O-0O- [ | | I
I 0-0-0 I I I I
B siex I | | |
| oo | | | |
I I)OO I I ' _ I |
|25 | > > 4 | U/SDLR |sand: Tan, fine greined, > 90X quartz, dry, loose, well |3 ft. Recovery. |
| OOQ | |sorted, subangular to subrounded, minor small gravel. | |
| pO-O | | | |
I 0-0-0 I I I I
| p-O-O- | ! | |
| 0-0-0 I I | I

-.- ..n 4 I I
| 29 IPOOOOO | urssoLr |sand: As above, increasing gravel. | I
| feod | | |
] 30.5( 1 1 | U/MARL |Mart: Limestone thin beds (0.1 - 0.3 ft.) with gravet [Still relstively |
| T Ill | |size material interlayered, semiconsolidated. |easy drilling. |
| T 1 I | | I
| 32 1 T | U/MARL |Mart: As above, damp, stightly consolidated, fissile in |Weathered |
| T I {T | |ptaces, various gravel size particles. | Limestone? |
| 1 ! I ! I
| L | | | | |
| 34 T T | U/MARL |Mart: As above, numerous small shells, abundant chert |Wet at 34 ft. |
} [T | |gravel, wet; some gravels are subround. |(measured W.L. = 33 |
| 1 - I o | | |ft. 10 in.). stitl |
| T | | |easy dritting. |
| TLII | | | I
| - | | | |
[ III [ | [ I
Jsmn | | | |
1 1

I - I | I I
| 39 1 | U/MARL |Mart: As sbove. |auit sampling, |
| 1 IJ T | | |dritting to |
| T 1 | | {determine depth to |
i | | |suger refusal. !
| I [ I I
| [ | { !
| I I | !
I I | | I
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1 DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 3 OF 3 SHEETS |
| 1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 47.0 ft BGL ]
| IRP_PHASE I1 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: ses level 1
| 2. LOCATION: Flightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL:  Mobile Dritl B-61 |
| 3. DRILLING AGENCY: Envirormental Dritters, Inc. | 10. NO. OF SAMPLES TAKEN: 17 |
] 4. HOLE NO.: LF04-09 | 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. E. Fain ] 12. DATE HOLE ESTABLISHED: 3/6/90 |
| 6. COORDINATES OF HOLE: L 13. SURFACE ELEVATION:  627.40 ft MSL ]
1 x: 2021145.70 397136.15 | 14. BACKGROUND : |
| | 1S. MEASURING POINT ELEVATION: ]
|pepth| Graphic | | soil | i
J(Ft.) Log | |Class/Code |Visual Description | Remarks
| | | |
! I
| |
| [
| |
! |
44 U/MARL |Mart: As above. |[Deseriptions based
| |on returns and
T [ |drilling speed.
1 | |Auger refusal at 47
| | |ft.. No drager tube
| | |detection (2/9) at
| |top of auger.
47 U/MARL |Marl: As above. i

I
I
l
I
I
l
I
I
|
|
|
I
I
I
I
I
I
I
I
I
I
l
|
l
I
I
I
I
I
I
I

l
|
I
|
|
|
l
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

— ——— —— —— —— — —— — — — — — — — — — — — ———— —— —— — — t— . (i e s [ s
——— — — — — — ——— — — —
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| DRILLING LOG

] RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 3 SHEETS

| 1. PROJECT: CARSWELL AFB,

1 7. TOTAL DEPTH OF HOLE:  49.1 ft 8GL

| 8. DATUM FOR ELEVATION SHOWN: sea tevel

| 9. MANUFACTURER'S DESIGNATION OF DRILL:

Mobile Dritl B-61

| 11. ELEVATION GROUND WATER: 596.05 ft MSL (6/18/90)

| 12. DATE HOLE ESTABLISHED: 4/2/90

| 13. SURFACE ELEVATION:  626.90 ft MSL

| 15. MEASURING POINT ELEVATION:  626.54 ft MSL

| Remarks

|{Clay: Brown with orange mottling, soft to firm, damp,
|minor carbonaceous stresking, semi-plastic, silty seam,

|{(parting) at 1 ft.. Coaly fragments. 0 to 0.05 ft.

|cltay: As above, very silty to 3.2 ft., below 3.2 ft.

|Clay: Very silty to 4.7 ft.. Same as 2 - 3.2 ft..

|clay: Burnt orange, firm to stiff, semi-plastic, damp

|with carbonaceous streaking, and minor calcareous

|debris; with calcareous debris concentrated from 5.6 -

|sub-rounded, Burnt Orange (oxidized), slightly silty in
|intervals (lenses); clay pocket (dark grey/soft) at 8.5

|ft.; sand hav very minor carbonaceous streaks, damp,
|moist, at base; quartzose w/ < 95X quartz, < 5X iron

|sand: As sbove, slightly silty to 11 ft., oxidation

|decreasing to base with color laminations evident. Clay

|lenses at 10 - 10.1 ft. and 10.6 - 10.7 ft.; sand is

|Sand: As asbove, minor clayey lenses, semi-indurated
|sandstone layer at 14.9 - 15 ft.; damp, loose; with

|Sand: Very fine grained, buff w/ orange clay lenses,

|elay is moist, brittle, sandy, dark orange/brown, sand

|is moderatety to poorly sorted, buff, grading to

|orange, silty from 19 - 19.5 ft. and 20.5 - 22.5 ft.,

| IRP PHASE I STAGE 2

| 2. LOCATION: Flightline Area

| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 18
| 4. HOLE NO.: LF04-10

| 5. NAME OF GEOLOGIST: S. B. Blount

| 6. COORDINATES OF HOLE:

1 X: 2021275.03  v:  397025.34 | _14. BACKGROUND:

|

|Depth| Graphic | Blow | Soil |

[(Ft.) Count [Class/Code |Visual Description

| o | U/CLLR

I |

I | I

I | | I

j 2 | u/scLLR

| | |has no silt, Orange/brown, plastic, firm, minor
| | |carbonaceous streaking.

I | I

I 4 I U/CLLR

I | I

| 4.7 | U/CLAY

I |

| |

| | |5.8 ft.

| 6 | U/CLAY  |Clay: As sbove, to 7.8 ft., calcareous debris,
| | |concentrated in ‘caliche’ tayer 7.5 - 7.8 ft.
| 8 . ] urssano |Sand: Very fine grained, moderately sorted,
I [

I : I

I " |

| . . I

| s | |magnesium.

w0 |77 | ussosM

| .- I

I . -'-.. . I

| . | |buff yellow at 11 ft..

12 }. . ... | U/sDsM |Sand: As above, Lighter color (buff tan), silty
| : | |interval 13 - 13.3 ft., minor color laminae.
| . | I

I 14 . | U/SOSM

| : I

| . | |color taminae and < 5X heavy minerals.

| | I

I I I

| ! I

| | I

A R ! '

l e I |

j19 |- ... | u/ssosM

, s I

| |

I . |

| | {dry to damp. No clay below 22.5 ft., very minor
| . .. | |eatcarecus fragments.

|Full recovery
Junless otherwise
|noted. Windy.

|

|*contact’ (fill
|material on top?).
|

I

I

I

|Sharp ‘contact’.

|

|

I

|Hard pushing.

I

|Sharp contact, 1.5
|Recovery (sand);
|sand is loose,
|cohesive w/ clay in
| lenses.

I

|1.5 ft. Recovery.
I

|

I

|Pushed SS to 14
|ft.; going to

| augers.

|2.5 ft. Recovery -
|moss.

|
|
I
I
I
l
|4.5 ft. Recovery.
|
|
I
I
I
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 3 SHEETS

| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE:  49.1 ft BGL

| IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritl 8-61
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 18

| 4. HOLE NO.: LF04-10 | 11. ELEVATION GROUND WATER: 596.05 ft MSL (6/18/90)

L5

| 6

l

l

. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 4/2/90
. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 626.90 ft MSL
X: 2021275.03  Y: 397025.34 | 14. BACKGROUND:
| 15. MEASURING POINT ELEVATION:  626.54 ft MSL

|oepth| Graphic | Blow
JCFe.)] log | Count

Soil |
ass/Code |Visual Description

LRl

Remarks

|
]
|
I
|
I
I
I
U/SDLR |Sand: As above, buff to orange laminated, no clay or |
|silt, very fine grained, moderately well sorted, dry to |
|damp; layer of sbundant ~ 5X shell frags and calcareous |
I

I

I

I

I

|

I

I

|

|

3 ft. Recovery

|debris with some gravel from 26 - 26.5 ft.; gravel up
|to 40 mm, minor gravel fragments to base.

I

et

I

I

I

I

I

|

I

I

I

I

I

|

I |
I I
I I
| |
| Uu/SOLR |Sand: As above.
| |
|

|

[

I

|

I

I

I

!

I

I

|

I

I

I

I

I

I

|

I

!

I

I

I

!

I

4.5 ft. Recovery.

|
U/SDGR |sand and Gravel: Sand is very poorly sorted, buff, very |Sample wet at 32
|fine to coarse grained, subrounded, with minor Jft..

Joxidation seams, gravel is 2 - 100 mm, approximatly |

|50%, composed of calcareous debris of shelis etc. up to |

|5 mm; lLarge fragments are broken, well indurated |

|micritic limestone. |

U/SDLR |Sand: Tan, medium grained with abundant carbonsceous |Cobbles lengthwise
|streaking and gravel, as above, at base. in sampler.

U/GRSM |sand and Gravel: Sand as above up to 15X gravel is |

|cpartz and calcareous debris, averaging 5 mm and up to
|40 mm. Moderate to poor sorting, subrounded, wet. Large
| fragments are CaCO3, as sbove. Grain size increases to
|base.

|
|
|
|
I |
| |
| |
I I
U/SDGR |Sand and Gravel: As above, wet, averaging 10 - 15 mm. |2.5 ft. Recovery.
|Continues coarsening to base, minor clay pockets 40 - |
|42 ft. making fine gravel/slightly cohesive. Gravel up |
|to 50 mm. Coarse Sand. |

I

|

|

|

e e e . —— — — ——. —— — —— —— — — —— " — — — — — — — — — — —— — — — — — — — — — — — —— — — . —
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 3 OF 3 SHEETS

| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE:  49.1 ft BGL

] IRP PHASE 11 STAGE 2 ] 8. DATUM FOR ELEVATION SHOWN: sea level

] 2. LOCATION: Flightline Area L 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 18

| 4. HOLE NO.: LF04-10 ] 11. ELEVATION GROUND WATER: 596.05 ft MSL (6/18/90)

| 5. NAME OF GEOLOGIST: S. B. Blount 12. DAYE HOLE ESTABLISHED: 4/2/90

| 6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 626.90 ft MSL

]
]
| x: 2021275.03  Y: 397025.34 | 14. BACXGROUND:
] ] 15. MEASURING POINT ELEVATION:  626.54 ft MSL

|Depth| Graphic | Blow | Soil | |
|(Ft.) Log _ | Count |Class/Code |Visual Description | Remarks
| ket | | |
p-O-0 | l
OO | l
-0- 0| | |
003 | |
5. 0.0 1 |
In-0-3 | |
LL.1L// U/CLLR |Clay: 44.1 ft. clay is soft, very plastic, moist to |4.0 ft. Recovery.
L///// luet, grey tan in color with abundant oxidation pockets |sharp contact. Clay
|¢(< 5 mm) around fine grained sand. Abundant |not 'sandy’; has
|carbonaceous flecks; silty below 46.5 ft. with silt |feu grains in each
|tayer 46.5 - 46.7 ft. | ‘pocket’.
| |
I |
I |
| l
49 U/MARL |Marl: Clayey coated micritic Limestone w/ |49 - 49.1 ft.
|recrystellized fossils, grey to buff, well indurated, |augered into mari;
| ‘mudstone’ . |‘core’ sample. No
| |sS. T.D. at 49.1
|ft.

l
I
|
|
l
|
I
|
|
|
I
|
l
|
|
|
|
|
I
|
| |
|
|
I
|
|
|
l
|
|
I
|
|
|
|
l
|
|
|
|
|
|
|
|

|
|
| !
| |
| |
| |
| |
| |
| |
| |
| |
l |
| |
| |
| |
| l
l |
| I
| l
I |
| I
| |
I |
| |
| I
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS 1
l 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 25.2 ft BGL |
| IRP_PHASE 11 STAGE 2 ] 8. DATUM FOR ELEVATION SHOWN: sea level |
] 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 11 |
| 4. HOLE NO.: LF05-09 | 11. ELEVATION GROUND WATER: 603.82 ft MSL (6/18/90) 1
| 5. NAME OF GEOLOGIST: S. E. Fain ] 12. DATE HOLE ESTABLISHED: 3722/90 |
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 619.30 ft MSL 1
| X: 2018791.38  Y: 399361.24 | 14. BACKGROUND: |
| | 15S. MEASURING POINT ELEVATION:  621.96 ft MsL 1
[Depth| Graphic | Blow | Soil i | |
I¢Ft.)]  Log Count |Class/Code |Visual Description | Remarks |
| o F/// | U/CLLR {Clay: Dark brown, firm, silty, red mottling, roots, JFitL. i
i | |damp; minor send and gravel. | |
I I I I I
| // | | | |
| O | ussobLR |send: Tan, medium to coarse grained, loose, damp, ~ 5% | |
i | |small gravel. | |
| I | I |
| I I I |
| | usCcLLR |Clay: As above, damp. |1.2 ft. Recovery. |
I I I I I
I | I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
| | U/CLLR  |Clay: Brown and orange, mottled, very disturbed, [stitl $inl |
| I |gravelly, soft to slightly firm, caicareous zones and |material. |
| | |nodules, damp; at 11 ft. going into a gray colored | |
| | |silty clay. | |
I I ! I |
I | | I |
I | I I |
! | I ! |
| | U/CLLR  |Clay: As above; at 13.5 ft. hard limestone zone. [0.2 ft. Recovery. |
I I I I I
I I I I I
I | I I I
| | U/CLLR  |Clay: As asbove, still very disturbed. | |
I | I I I
| I I I I
I | | I I
| | U/CLLR  |Clay: As above, damp, | |
| | | | I
| I | I I
| I | I I
I I I I I
| 8.4« .« .. | ussbsM |Sand: Light brown, very silty and clayey, saturated, |Very “muddy*. |
| R | |minor small gravel, < 1X pebbles. | |
I e I I I |
| 20 - | ussDSM  |sand: As above. | |
| o0 I I | I
N P I I I | I
Y | | | !
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DRILLING LOG

| RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX

| SHEET 2 OF 2 SHEETS

| 1. PROJECT: CARSWELL AFB,

] 7. TOTAL DEPTH OF HOLE: 25.2 ft BGL

. HOLE NO.:

IRP_PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level
2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritl B-61
3. DRILLING AGENCY: Environmentat Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 11
4 LF05-01 ] 11. ELEVATION GROUND WATER: 603.82 ft MSL (6/18/90)
5
6

|
]
]
1
]
I
]
l

NAME OF GEOLOGIST: S. E. Fain ] 12. DATE HOLE ESTABLISHED: 3/22/90
COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 619.30 ft MSL
X: 2018791.38 Y: 399361.24 | 14. BACKGROUND :
| 15. MEASURING POINT ELEVATION: 621.96 ft MsL
|Depth| Graphic | Blow | soit | |
JePt.2] tog | count |ctass/Code |Visuat Description | Remarks
I R I |
s I I
22 ';2'§2' U/SDLR |Sand, Clay and Gravel: About equal X of each, |stitt very
t}'?}'?} |saturated, shelis, graveis to 20 mm, silty; 24.5 - 25 |"muddy“.
-0-0-( |ft. mostly sand and gravel. |
500 i |
..... I |
J | I
25 U/MARL |[Marl: Limestone, chalky, indurated, oxidation staining. |MOSS sampler

I
I
I
I
I
I
I
I
I
|
I
I
|
I
I
I
I
[
I
|
I
I
I
|
|
I
I
|
I
|
I
I
I
I
I
|
|
I
I
I
|
I
|
|
I

e — —— — — — — —— ——— — — — — — — — — — ——— —— — — — — —— — — — — —— —

|refusal at 25 ft.;
|drive sample 50
|blows = 2 in.; Fill
|probably ended
|about 18.1 ft. BLS;
|hote looked tike
|fitl att the way
|TD. T.D. = 25.2 ft.

e e e e o e — e ——_———_—_—_—————_—_—_——— — — e ————— e — — — — — — — }— — Y N O ) N Y
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DRILLING LOG | RADIAN CORPORATION

INSTALLATION: CARSWELL AFB, TX

_| SHEET 1 OF 2 SHEETS

| ] ]
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE:  27.2 ft BGL i
| IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
] 2. LOCATION: Flightline Area | 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 |
| 3. DRILLING AGENCY: Envirormental Dritlers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 1
| 4. HOLE NO.: LF05-02 | 11. ELEVATION GROUND WATER: 597.83 ft MSL (6/18/90) ]
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/22/90 ]
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 620.30 ft MSL |
| X: 2019492.00  Y:  399280.64 | 14. BACKGROUND: 1
] | 15. MEASURING POINT ELEVATION:  622.69 ft MSL 1
|oepth| Graphic |  Blow | Soil | | !
[¢(Ft.)l Log | count |Class/Code |Visusl Description | Remarks 1
| o 7 | uscLLR |Clay: Orange/brown, stiff, silty, abundant calcareous |Full sampler |
| / | |materisl, damp. junless noted. |
| ! l | |
I | | | |
| 2 | u/cLLR |clay: As above, 0.5 ft. caliche zone 3 - 3.5 ft. |1.2 ft. Recovery. ]
] I | | |
I I I | I
I / | I I !
| 4 | U/CLLR |Clay: Dark brown, stiff, carbonaceous staining, damp, |No calcareous |
i ] Isitey. |material. |
| I I | |
I I | ! I
| 6 | u/scLLR |Clay: As above, minor gravel, silty. | |
| | | | |
I | I I |
| | I I |
|8 | uscLaY {Clay: Brown and tan mottied, distrurbed looking (not |Looks Like fill |
| | |natural layering), damp; some greenish/gray clay atso. |material. |
| I I | |
| I I | |
| 10 | uscLay |Clay: As above, soft calcareous zone at 11 ft. |1.0 ft. Recovery. |
I | | | |
| | | | |
| | ! [ |
| 12 | u/CLAY |clay: Still heavily disturbed nature, 3 in. wet seam at |[Still fill |
| | |13 ft. |material. |
I I I I |
| | | I |
| 14 | uscLLR |Clay: Becoming siltier, moist, some greenish/gray ] |
| / | |coloration. ! |
| | | l |
| | | I |
| 16 | Uu/CLLR |clay: Brown and green mottling, very disturbed nature, |Still looks like |
] | jgravel (1 - 5%), sheils; 0.4 ft. fine sand seam at 16.6 |fill. |
| | [ft.; wet. | |
I I | | |
| 18 | uscLLr |Clay: As above, silty, not disturbed; greenish/gray at |Greenish/gray |
| | |19 ft. |material looks |
| ] | | |naturat - in situ. |
| ) | ! | l
| 20 | uscLLR [Clay: Greenish/gray, silty, oxidation stained mottling, |W.L. measured at ]
| | [firm, damp, 1 - 3X assorted size sand and small gravel, [21.05 ft. BLS after |
| | jgravelly sand st bottom. |well completion. |
l / | | | |
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS ]
I 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 27.2 ft BGL |
] IRP_PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level ]
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 1
| 3. DRILLING AGENCY: Environmentsl Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 ]
| 4. HOLE NO.: LF05-02 | 11. ELEVATION GROUND WATER: 597.83 ft MSL (6/18/90) |
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/22/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 620.30 ft MSL |
| X: 2019492.00  Y: 399280.64 | 16. BACKGROUND: |
| | 15. MEASURING POINT ELEVATION: 622.69 ft MSL 1
|[Depth| Graphic | Blow | Soil | | |
J¢Ft.)]  Log Count |Class/Code |Visual Description | Remarks |
| V | | | |
| | | | |
| | | | |
| | I | |
| | | | |
| | I I |
| / | | | |
| / 4 | | | |
| 2%.9{.0.0- | U/SDGR  |Sand and Gravel: Orange/brown, very clayey, saturated, | |
! OO'O | |umerous shell fragments, gravels to 40 mm, mainly | |
I M | |timestone clests. | |
g Rekek | | | |
| 27 ':I:'j_jso | u/mARL |Mari: chalky, white/gray, shaley, indurated. |sampler (MOSS) |
| | | | | |refusal at 27 ft.; |
| | | | | |drive 1 172 ft. ss |
| | | | | |50 blows = 2 in.; |
| | | | | |t.0. = 27.2. |
| | I | | I |
| | | | I I |
| | I | I I |
| | | | I I |
| | | I I | |
| | | | | | |
| | | | | | |
| | I | I | |
| | | | I | |
| | | | | | |
| I | | | | |
| | | I I I |
| I | | | | |
| | | | | | |
| | | | | I |
| | | I I | |
| | | | I | |
| I | | | | |
| | | | I | |
| | | | I | |
| | | | | | |
| | ! | | | |
| | i | I | |
| | i | | | |
| | | | I | |
| | | | | | I
| | I | | I |
| | I | | I |
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Water in hole -~ 15
- 16 ft.. Sharp

U/SDSM |sand: Butf. Moist to wet, very fine grained, silty,
poor - moderate sorting.

1 DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 27.5 ft BGL |
1 IRP_PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWK: sea fevel |
] 2. LOCATION: Flightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
{ 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 |
] 4. HOLE NO.: LF0S5-03 | 11. ELEVATION GROUND WATER: |
[ 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90 ]
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION:  620.60 ft MSL ]
] x:  2019488.64  Y: 399182.10 | 14. BACKGROUND: i
B | 15. MEASURING POINT ELEVATION: ]
|Depth| Graphic | Blow | Soil | | |
J(Ft.)] tog | Ctount |Class/Code |Visual Description | Remarks ]
| o |V ) | uscir JClay: Soft - firm, moist, clay fraction plastic - semi |Full recovery ]
| / | |- brittle due to roots, calcareous pebbles, slightly junless otherwise |
| | | |silty with cleyey silt 1.7 - 2 ft., yetlow orange Jindicated. ]
| ] |grading to brown. |Extremely windy. !
| 2 | Uu/CLLR |Clay: As above, calcareous pebbles concentrated in jGradational |
| | |intervals, less silty, minor carbonaceous streaking at |changes. |
| / | |base. l |
| l l | I
| & | uscLay |clay: As above, Brown, firm, fairly plastic, layers of | |
| / ] |concentrated calcareous debris. | |
| | | | |
I | | | I
| 6 | U/sCLLR |Clay: As above, dark brown, grading darker, soft to | |
] | |firm, very few calcareous pebbles, abundant | ]
| | |carbonaceous lamina, very few fine rootlets, moist, | |
| | |minor silt in lenses, plastic - appears organic rich. | |
| | | | |
I | | | |
| | | | |
l I | | l
| 10 | U/CLLR |Clay: As above, dark brown, soft, plastic, moist with  |Musky odor. ]
| | |silty/sandy lenses to 13.2 ft.; leached zones 13.2 -  |Caliche zones. 1.5 |
| | |13.5 ft., 16.3 - 14.4 ft., clay is white/buff, brittle, |ft. recovery. |
| ] |damp, with more frequent calcareous pebbles, | |
| | |intervening clay is as sbove; with silt/sand. I |
| | | | |
I I | | |
| % | I | |
| / | | | |
] 14-4{7 ] | U/CLLR |Clay: As sbove soft/firm with abundsnt carbonaceous | |
| | | [tamina, fine roots, dark brown, minor leached pebbie | |
| //I | |zone 14.8 ft. . | |
| I | ! |
I ) I | |
| | | | Icontoct._ |
| 16 F | uscLLR [Clay: As above, dark brown, carbonaceous stains, soft | |
| V | jto firm, moist, caicareous pebbles, minor oxidation | |
} // | |stains. ] |
| 16,5~ | ussoLr |sand: As sbove, silty, color lamina (oxidation layers), |Few pebbles. |
| POOJ | jfine roots, gravel - 17.6 - 18 ft.; buff; sand is ] |
| OOO i jquertzose with > 95% quartz, minor cohesive clay | |
] OO | |lenses, otherwise loose, minor carbonaceous streaking; | |
| Food | |clay lenses and intermitent pebbles decrease to 20 ft. | |
| 20 JOO ) | ussoGr |sand: As sbove, buff yellow, and gravel to 22 ft., sand |Not likely fill {

NN
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| DRILLING LOG | RADIAN CORPORATION ] INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS A
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 27.5 ft BGL |
] IRP PHASE 11 STAGE 2 ] 8. DATUM FOR ELEVATION SHOWN: sea level i
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-é61 |
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 Bl
| 4. HOLE NO.: LF05-03 | 11. ELEVATION GROUND WATER: ]
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: _ 620.60 ft MSL 1
| x: 2019488.66  Y: 399182.10 | 14. BACKGROUND: 1
i | 15. MEASURING POINT ELEVATION: 1
|[Depth| Graphic | Blow | Soil | | |
[(Fr.)] tog | Count IClass/Code ]visual Description | Remarks 1
] IOO‘I | |is very poorly sorted; gravel approximately 20X, 2 - 15 |due to laminae ]
| PN | |mm, clayey with clay content increasing to bottom. |above. Vague ]
| O’LOAO | | |'contacts’. ]
| 22 7 | U/CLLR |Clay, silt and gravel: Light to medium grey to 22.3 | |
| | |ft., changing to buff/orange. Clay is stiff, wet and | |
] | |brittle. Gravel appears concentrated in horizontal | |
| | |planes. Abrupt color change to dark grey at 24 ft. Clay | |
| | lat 24 ft. is silty with minor calcareous pebbles, firm, | ]
| | | semi-ptastic | |
I I I I |
! /] | | ! |
| 26.5( oNe | U/GRVL |Gravel: Clayey, silty, sandy, loose, wet, medium grey, |Auger refusal at |
| OQ0 ] |80% of sample calcareous gravel 5 - 50 sm, average size |27.4 ft.; went in ]
| b OO | |20 mm. |with ss. No |
| A~ | | |Recovery. |
274 T T 50 | U/MARL |Mart: See description from LF05-04 (no sample |T.D. at 27.5 ft.; |
| r s | |recovery). |WL spproximately 24 |
| | | | | ]ft.. (grouted )
| | | | | |before E - line). |
| I ! I | ] !
| I | | I I |
| ! I | | I |
| I I | | I |
I I I I I | I
| ! I | | I |
I I | | I I I
| | I I | ! |
I i I ) ] ! I
I | I I l I |
| I I | | I |
I | | | I I |
| | | | | I |
I I I | I I |
I ! | | | ! I
I | | I | I |
| I | | | I I
| I | I | | I
I I I I I I I
[ I I | ] | I
| | I I | I |
| I I | ] I I
! I I I | I !
| I I | | I I
| I | | I | I
| ] ! | | I |
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS ]
| 1. PROJECT: CARSWELL AFB, L 7. TOTAL DEPTH OF WOLE:  28.3 ft BGL |
| IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: ses level |
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 1
| 3. DRILLING AGENCY: Environmental Dritlers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 ]
| 4. HOLE NO.: LF05-04 | 11. ELEVATION GROUND WATER: |
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90 |
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION:  617.30 ft MSL 1
| Xz 2019719.98  Y:  399313.92 | 14. BACKGROUND: |
| | 15. MEASURING POINT ELEVATION: |
[Depth| Graphic |  Blow | Soil | | |
|¢Ft.) Log | count |Class/Code |Visual Description | Remarks |
| o % | Uu/CLLR [clay: Sandy, brown with calcareous pebbles, damp, fine, | |
| | |semi - brittle, rootlets. | |
| 1 | urssoLr |Sand: Brown/green, clayey, with gravel up to 15 mm, | |
| | |very poorty sorted, moist, quartzose with calcareous | |
| | |pebbtes. | |
| 1.5 | u/scLLR |Clay: As above, calcareous pebbles increased to 25X%, |Probably fill. 3.5 |
| / | |very brittle with oxidation blebs and black |ft. Recovery. |
| | |carbonaceous staining within tenses, less sandy. | |
I % I I I I
| A I | I |
| 5 S | UussDLR |Sand: Brown, loose, dry to damp, very fine grained, |Probabty fill. 3.5 |
| . | |slightly ctayey, poor - moderately sorted, quartzose |ft. Recovery. |
I R | [with calcareous pebbles, oxidation lenses and asphaltic | |
| Co | |pebbles. | |
|7 | uscLLr |Clay: Light brown orange, firm, semi-plastic with | |
| /] | |calcareous pebbles to 8 ft. | |
|18 b-T-O- | ussbLR |Sand: As above. | |
| (5757 | | | |
I SN I I | I
| 9.5 | uscLer |Clay: As sbove. | |
| 10 _OOO | u/ssOLR |Sand: Orange brown, clayey, silty, very fine grained, |Fill, Concrete |
| -0-0-¢ I |poorly sorted, oxidation stained, quartzose with > 95X |block in sample ~ 2 |
| OOO | |quartz, subrounded, with 5% carbonaceous flecks and |in. across. Sarp |
| Ood | |several large (40 mm) gravel chunks, moist to 12 ft., |contract. 3 ft. |
| s OO | |wet at 13 ft., minor carbonaceous streaking. |Recovery. |
| NN | | I |
| 13 | | uscLr |Clay: Buff yellow, wet, silty, oxidized, soft to firm, |Bottom of fill - |
| / | [ptastic, caliche at top, minor pebbtes (calcareous) to |sharp. Water in |
| | |14 ft. |hote. |
| 14 | uscLLr |Clay: Very stiff, green/grey, abundant catcareous | |
| | |debris, semi-brittie, wet carbonaceous stained. | |
| 14.8 | uscLLr |Clay: Dark brown/black, very brittie, organic rich, |Sharp contract. |
| | |moist, fine rootiets, gradual cotor change to |Musky odor. |
| | |green/grey with an increase in carbonaceous debris and | |
| / | |ptasticity; very stiff; simitar to cltay at 14 ft. | |
| I | | |
| 18 | uscLLr [Clay: As above with an increase in gravet and sand to |Calcareous zones |
| | |20 ft. (clay and gravel). Green/grey, stiff,6 brittle, |’calichified’. |
| | |catcareous petbles concentrated in 0.5 ft. intervals to | |
| | |23 ft.; sandy in these intervals (CaCO3 sand?). | |
| I | I |
| I | I |
| I | | |
| // | | | |
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 28.3 ft BGL A
] IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: ses level 1
| 2. LOCATION: Flightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 1
| 3. DRILLING AGENCY: Environmentat Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 ]
] 4. HOLE NO.: LF05-04 ] 11. ELEVATION GROUND WATER: |
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90 1
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 617.30 ft MSL 1
| X: 2019719.98  Y:  399313.92 | 14. BACKGROUND: 1
] | 15. MEASURING POINT ELEVATION: 1
|Depth] Graphic | Blow | Soil | | |
[(Ft.) Log Count |Class/Code [Visual Description | Remarks 1
R I |
| |
/ ! |
4 | |
23 OO@ U/SDGR |Sand and Gravel: Sand is very fine to coarse grained, |very sharp
bOO |saturated, very poorly sorted, buff/tan, sub-rounded, |contract.
*Ooe |quartz and CaCQ3, (60X quartz) and < 5X heavy minerals, |
e e |minor oxidation staining, ‘gravel’ average size 5 mm, |
QOO jbut up to 35 mm, quartz and CaCO3, approximately 40X of |
‘00 ¢ |sample |
0-0-0 | |
00" | I
0-0-0 | I
Tttt | |
28 50 U/MARL |MerL: Fissile, calcareous, hard, wet, chalky, w/ shell |1 ft. Recovery
| tragments; (description from bit sample and portion of |[last ST; drive SS.
|SS recovery). |SS refusal. Went in

| |with auger to
|check, auger
|refusal. T7.D. =
|28.3 ft.

e e — — — — e — — — — — — — —— — — — — — ———— ot — —— — — — —
e e e e e —— . — — — . —— — — —— — — —— — — —— — — e T — — —— — —— — — — o —— —— e — — — — s — o —

I
I
|
I [
I I
| I
I I
| |
| |
I I
I |
| I
| |
| I
I |
I |
I I
I I
I I
I [
! I
l |
I I
I |
l I
I I
| I
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| ORILLING LOG | RADIAN CORPORATION _ | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 26.2 ft BGL |
| IRP _PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level {
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 1
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 |
| 4. HOLE NO.: LFO5-05 { 11, ELEVATION GROUND WATER: ]
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90 |
I 6. COORDINATES OF MOLE: 1 13. SURFACE ELEVATION: 616.10 ft MSL 1
| X: 2019785.85 _ Y:  399388.49 | 14. BACKGROUND: |
L 1 15. MEASURING POINT ELEVATION: |
|Depth| Graphic |  Blow | Soil | | |
J(Fed] L Count |Class/Code |Visual Description | Remarks l
| o | ussoct |sand and Clay: Orange/red, very fine grained, damp, |Full sample unless |
| | |with asphalt, gravel, roots, calcareous fragments, very |otherwise |
| | |poorly sorted sand, cohesive (clay). |indicated. 1 ft. |
| .. | | |Recovery. Fill sand |
L | | ltop 2 fr. |
2 | | u/CLLR |clay: Brown, with minor orange mottiing, firm, semi - |Fill clay. i
| ] |plastic with abundant calcareous pebbles (up to 20 mm), | |
| ] |damp to moist, minor black (carbonaceous?) stresking. | ]
| 4 ] u/scLLR |Clay: As above - light brown, mottling increased. |Fitl clay? |
] ] |Asphalt? mixed with sample. ] |
| I I | I
| I | | |
| 6 | u/cLLR |clay: As above. ] |
| | I I I
| | I ! I
| | I | !
| 8 | u/cLLR |Clay: As above, few large (50 mm) gravel chunks. | |
| / | | | !
| / I I | !
l | | I I
| 9.9 K1 | usAsPH |Asphalt: Solid asphalt® - tar and pea gravel with some |Fill. Could not |
| L‘{L,_\ﬁ | |brown clay. |push at 10 ft.; |
| Eg | | |material very hard. |
| S | I | I
| 12 11,13,17 | u/CLLR |Clay: Dark grey/very dark grey mottled, firm, |Limestone |
] | |semi-plastic with abundant calcsreous pebbles (1 to 15 |lithoclast? |
] | |mm) and fragments, damp to moist with indurated sandy | |
| | |caliche layer - light orange/buff at base. | |
| 14 | u/CLLR |Clay: As at 12 ft. Few very large cobbles (80 mm); | |
| | |silty 14.4 - 14.8 ft.; color Lightening. [ |
l | | | I
| | I | I
| 16 | uscLLr |clay: As above, color change at 16.4 ft. to | |
] | |buff/tan/yellow; continued large cobbles to 18.5 ft., | |
| | |calcareous debris abundant at 17.2 - 17.6 ft. then ends | |
| | |sbruptly. | |
| 18 | uscLLr |Clay: Soft to slightly firm, buff/yellow, 20X small | |
| | |calcareous fragments and sand and silt, moist to wet, | |
| | |semi-plastic, few 15 mm pebbles. | |
| ! I | I
| 20 . | ursoir |Sand, Gravel and Clay: As above, sand or gravel up to |Samples |
| ! |
l ] |
| ! I

|50X; soft, wet at top. Firm, plastic st base;
|semi-brittle due to inclusions; calcareous fragments
|increase to base, clayey sandy gravel to base (clayey

|preferentially wet
|¢soggy) on top;
|probably a function
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS |
| 1. PROJECT: CARSUWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 26.2 ft BGL |
| IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level [
1 2. LOCATION: Flightline Area _ | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 ]
| 3. DRILLING AGENCY: Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 ]
| 4. HOLE NO.: LF05-05 | 11. ELEVATION GROUND WATER: |
5. NAME OF GEOLOGIST: S. B. Blount | _12. DATE HOLE ESTABLISHED: 3/22/90 |
I 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 616.10 ft MSL |
L x: 2019785.85  v:  399388.49 | 14. BACKGROUND: ]
L | 15. MEASURING POINT ELEVATION: ]
|Depth| Graphic | Btow | Soil ] | |
J¢Ft.)] Log | Ccount |Class/Code |Visual Description | Remarks |
OO(' |gravely sand). |of the sampler.
:)OO | |clay, sand, and
OO(]I : :gravel ?quat
----- proportions.
0-0-0 ] |
'.O.'.O.'§ | |
0-0-0) | |
‘0-0-4 I |
26.90 " 7 U/GRCL |Gravel: Clayey gravel. |
25.31 . . .. U/SDSM |Sand: Ctay bound gravelly sand; sand composed of shell |
----- |(calcareous) fragments, coarse grained, wet, poorly |
o |sorted. |
26 D::E:.SO U/MARL |Mart: Buff/yellow, fissile, shells, clayey shale |Refusal at 26 ft.,
|sppearance, semi-indurated, chalky. |prive $S. T.D. st
| |26.2 ft.
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DRILLING LOG

| RADIAN CORPORATION

INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS

1.

PROJECT: CARSWELL AFB,

IRP PHASE Il STAGE 2

7. TOTAL DEPTH OF HOLE: 7.7 ft BGL

8. DATUM FOR ELEVATION SHOWN: sea fevel

. LOCATION:

Flightiine Ares

9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobite Dritt B-61

. DRILLING AGENCY:

Environmental Dritlers, Inc.

10. NO. OF SAMPLES TAKEN: 5

2
3
4. HOLE NO.:
5
-]

=} - }—

I
I
|
!
!
l
|
!
]
1

Y I N N I A A

LF05-06 11, ELEVATION GROUND WATER:
. NAME OF GEOLOGIST: S. B. Biount 12. DATE HOLE ESTABLISHED: 3/22/90
. COORD INATES OF HOLE: 13. SURFACE ELEVATION: 598.30 ft MSL
X: 2020129.68 Y: 399156.86 14. BACKGROUND :
| 15. MEASURING POINT ELEVATION:
|pepth| Graphic | Btow | Soit | |
J¢Ft.) Log Count |Ciass/Code |Visual Description | Remarks
| o Ooq | Uu/sDGR |Sand, Gravei, and Clay: Buff/yellow, very poorty |Fult recovery
| Q'OQ |sorted; sand is very fine to very coarse grained, |untess otherwise
-O-0- |quartzose with catcareous pebbles/fragments, moist to 3 |noted.
OOO |ft., wet below; clay content increases below 3 ft.. ]
IOOU |Gravel (20X) up to 20 mm, size increases at base. Unit |
'OOO |is brittte. |
M | |
070
e o . | |
4 .OOO U/SDGR | |1.5 ft. Recovery,
Q.Q% | |ST refusal at 5.5
QQQ | |ft., go in with
_OO[] | |suger to 5 ft.
0-0-C | |samptes.
5.8 OO0 U/GRSM |Gravel: Average 70 mm, minor fine sand and clay, ]
|moderatety well sorted, subrounded, composed of |
OO e |timestone Lithoclasts. |
6.5 |/ U/CLAY  |Clay: Stiff to very stiff, buff/yetlow, with grey |
|mottting, brittle, moist; oxidation staining ]
A |throughout, fissile in zones. |
7 L 50 U/MARL |Mart: Dark grey, semi-indurated, very fissile, highty |Refusal at 7.5 ft.

|
I
I
|
|
|
I
|
|
I
I
[
|
|
|
|
|
I
|
|
|
|
|
l
|
I
I
I
|
|
|
|
|
|
I
[
I
!
I
|
|
|
I
I

|catcareous, teached ‘catiche’ type zone at base (0.1
|ft..

!
I
!
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I

|Ctimestone), drove
|ss at 7.5 ft.. Less
|than 3 in. with 50
|btows. T.D. at 7.7
|ft.. WL = 3.38 ft.
|sGL.
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|
I
I
I
|
|
I
|
I
I
|
|
|
|
I
I
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| DRILLING LOG

| RADIAN CORPORATION

_ | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS

| 1. PROJECT: CARSWELL AFB,

IRP PHASE Il STAGE 2

| 7. TOTAL DEPTH OF HOLE: 7.2 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION:

Flightline Area

| 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-61

| 3. DRILLING AGENCY:

Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 6
| 4. HOLE NO.: LF05-07 | 11. ELEVATION GROUND WATER:
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 598.00 ft MSL
| x:  2020230.22 Y: 399192.73 | 14. BACKGROUND:
1 | 15. MEASURING POINT ELEVATION:
[pepth| Graphic |  Blow | Soil | |
[(Fed] ¢ Count |Class/Code |Visual Description _| Remarks
0 FW | U/CLLR [clay: Brown/grey, moist, soft, plastic, roots, sandy, |
|Wwith increased sand to 0.8 ft. becoming clayey sand. |

1 lOO( U/GRSM |Gravel: Clayey, light brown/grey, calcareous gravel up |Sharp contact. 2
SHeNe® [to 25 mm (mostly 2 - 3 am), moist, very poorly sorted. |ft. Recovery.

1.4 Ood U/SDGR |Sand and Grevel: Very fine grained, poorly sorted, |Sharp contact.
bOOI |ctayey, orange, dry to damp, with moisture increasing |Assume some gravel
'OO[{ |to base. Clay content variable, clayey and cohesive in |lost in first

"""" |lenses; gravel ~ 20X, 3 - 25 mm, very poorly sorted. |sauple.

3.8 OOO U/GRSM |Gravel: Quartz and calcareous pebbles with minor sand, |sharp contacts.
OO% |wet, very poorly sorted; 98% gravel, average 10 mm up |
000 |to 20 mm. |

5 7 U/CLAY  |Clay: Stiff to very stiff, buff/yellow with gray |3 ft. recovery.

|mottling, oxidation seams, semi-fissile, brittle, |Refusal at 5.8 ft..
|moist. |

5.8 || |50 U/MARL |[Marl: Dark gray, semi-indurated, very fissile, highly |Drilled into marl

|catcareous, alternating with stiff ‘clay’, minor
|oxidation mottting.

I
I
|
|
I
I
I
I
I
l
|
I
I
|
I
I
I
I
I
I
I
I
|
I
I
|
I

|1.4 ft. to good
|auger refusat. T.D.
|= 7.2 ft.. No ML
|hote caved to 3.5
|ft.

o e = e e -
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS 1
| 1. PROJECT: CARSWELL AFB, 7. TOTAL DEPTH OF HOLE:  18.3 ft BGL 1
| IRP PHASE I1 STAGE 2 | 8. DATUM FOR ELEVATION SHOMN: sea level 1
1 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
1 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 9 |
| 4. HOLE NO.: LF05-08 | 11. ELEVATION GROUND WATER: i
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90 |
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 606.80 ft MSL |
| _X: 2020350.89  Y: 399030.31 | 14. BACKGROUND: 1
| | 15. MEASURING POINT ELEVATION: |
|bepth| Graphic | Blow | Soil | | |
J¢Ft.)] Log | count {Class/Code |Visual Description | Remarks {
| 0 | uscLAY |clay: Brown, soft, damp, brittle, root bound with fine | |
| | |rootlets, minor other plant debris. | |
| / | ! | !
I I | I |
| 2 | usCLAY |Clay: Medium brown, firm, plastic, moist, minor | |
| i |rootiets, few calcareous flecks at base. | |
I I ! | |
I / I ! | |
| 4 | uscLay |Clay: Grey/grey, mottled, very stiff, dry to damp, very |Could not cut w/ }
| | |minor fine rootlets, abundant calcareous debris. |carpet knife. |
| / | | | |
| | I I I
| | | | |
I I | | I
| | | I I
| | | I I
|8 | uscLLr |Clay: As above, calcareous pebbles up to 15 mm; stiff. |Pebbles effervesce |
] | |Predominately debris 1 - 2 mm. |in HCL solution. |
| I | I I
| I | I [
| 10 ] U/CLLR |Clay: As above, firm, plastic. | |
I I I I |
| 1 | U/CLLR |clay, Sand, and Gravel: Very poorly sorted, rounded |Musky odor. |
| | |gravel, moist. Clay dominates to 12 ft. with small soil |Terrsce dep.? |
] | |developed on top, buff/yellow. Send content increases |(Soil). |
| % | Ito base. | |
|12 |- - - - - | u/saND |send: Buff/yellow, very fine to fine grained, slightly |Water in hole at |
] L | |clayey/cohesive at top, loose below 12.3 ft., moderate |12 ft.; go to 5 ft. |
| ... | |rounding, well sorted, > 95% quartz. |samplers. |
| 16501 | | usLmMsN |Limestone: Grey to light grey, marly, fissile, joritled slowly |
| IAI 1 | {weathered. 10 mm indurated layers with thin marls |into Limestone. |
| T 1 | |between, no shells, micritic appearance. [Refusal at 14.5 fr. |
| L T | | |0.5 ft. Recovery. |
| —Jljfi— I | |oritler says i
| T | | jlayered marl, drive |
| J | | IsS; 1 ft. Recovery. |
| 17.5 T L ]—IAVSO | u/sLmMsN |Limestone: Well indurated, calcareous shale - fissile, |T.D. at 18.3 ft.. |
| | {medium grey, stightly ‘carbonaceous’; contiguous ‘bed’ |Water level = 12.67

| | |from 17.5 - 18.3 fr. Jft. (8GL). |
| I |
| | [
I | |
| ! |
| | I
| | |
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS |
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF MOLE: _14.5 ft BGL |
| IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 !
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 6 |
| 4. HOLE NO.: LF05-09 | 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90 1t
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 604.90 ft MSL 1
| x: 2020361.60  Y:  398918.32 | 14. BACKGROUND : |
1 | 15. MEASURING POINT ELEVATION: 1
|oepth| Graphic |  Blow | Soil | | |
1(Ft.) Log Count _|Class/Code |Visual Description | Remarks 1
| 0 / | U/CLLR  |Clay: Orange/brown mottied, very sandy, silty with some |Full recovery |
| | |gravel, brittte, dry to damp, fine rootlets to 3.5 ft., |unless otherwise |
| | |few calcareous flecks, alternating zones: brown then |indicated. |
| | |orange spproximetely 0.5 ft. thick. | |
| | I I |
I I | I |
| | | I |
| 3.5 [+ = - | ussosk |Sand: Buff/yetlow with orange color taminations, iSharp contact. ]
| | |stightly clayey at top, loose below, rounded quartzose | |
| . | |grains; ctay lenses 5 - 5.3 ft., 5.7 -5.9 ft.; damp to | ]
I R | |moist, > 95X quartz, welt sorted, cohesive in clayey ] ]
| .. | |intervats, loosely consolidated otherwise. | |
| . | | I |
T SRR | I I I
| .o | | | |
| | | I |
|8 |° - | u/ssosM |Sand: As above, thinly laminated orange color taminae | |
] ] |are contorted, slightly clayey at base. | |
| e | | | I
| R | | I |
| 10 {. .. | ussbsu |Sand: As above, moist to wet, clayey at top. Shetl |water in hote = 11 |
| R | | fragment tayer 10.6 - 11.4 ft.. Clayey and silty below. |ft. |
| o | | | |
| RN | | | | |
] 12 OOd | ussDLR |Sand: Orange, very minor gravel, wet loose, few I3 - 6 pieces of 10 |
| I EEI ] | |carbonaceous streaks. |- 20 wm gravel. |
R Scist | 1 | 1
1220 | | | |
| 14 T 1 150 | U/MARL |[Mart: Indurated, dark grey/green shale, very |Refusat at 14 fr.; |
| | |
| | |
I | |
| | |
| | |
| I |
| I |
| I |
| | |
| | |
| | |
| I I
| I I
| I |
| | |
| | |

|catcareous, some orange oxidation, fissile, few shell
Ifraynents, minor carbonsceous debris, dry to damp.

|
I
|
|
I
I
I
I
I
|
I
|
|
|

jdrove sS, bottomed
|tess than 0.5 ft..
|T.0. at 14.5 fr.
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, ] 7. TOTAL DEPTH OF HOLE: 356.2 ft BGL n
1 TRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Ftightline Area | 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 Bl
| 3. DRILLING AGENCY: Environmental Orillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 1
| 4. HOLE NO.: LF0S-10 | 11. ELEVATION GROUND WATER: |
| 5. NAME OF GEOLOGIST: S. B. Blount ] 12. DATE HOLE ESTABLISHED: 3/22/90 1
| 6. COORDINATES OF HOLE: |_13. SURFACE ELEVATION: 623.90 ft MSL 1
] Xz 2019456.19  Y:  398656.87 1 14. BACKGROUND: |
| | 15. MEASURING POINT ELEVATION: 1
|Depth| Graphic |  8Blow | Seil | | |
[I(19) Log Count |Class/Code |Visual Description | Remarks 1
| o ;:/// | Uu/cLLR |Clay: Medium dark brown with minor carbonaceous |Full recovery |
| | |streaking, firm, plastic, moist. Calcareous pebbles |unless otherwise |
| | |sbundant to 0.4 ft., minor roots, few pebbles to 3 ft. |noted. |
l | I | |
l | | | |
! [ | | I
| % l [ | |
3.2 | u/CLLR |Ctay: Very stiff, dark brown with obvious carbonaceous |Can not cut - |
| //// | |streaking, minor sandy lenses, damp to moist, brittle, |seems too dense to

| /////// | |hard, sand Lamination at upper contact is parting; fine |be fitl. 1 ft. |
| | |rootiets and intervals with coarse sand/pebbles to 6 |Recovery in ST. |
| | | ft. |Crushed heavy guage |
| | | |sampler. |
| 6 | U/CLLR |Clay: Calichified (leached) white to buff, brittle, |Full 2 ft. push |
| | |firm, shell fragments, damp, abundant calcareous |with no recovery. |
| | |debris, sbundant orange oxidation seams, visible |SS pushed 6 - 8 and |
| | Jauthigenic mineralization, silty appearance. |got 0.9 ft. |
| | | | recovery. |
| 7.5 | UuscLLR IClay: Stiff, as above, interlayered with calichified |Pushed SS - 0.8 |
| | |zones to 13.2 ft.; stiff clay has intervals of abundant |ft. Recovery; used |
| | |calcareous debris and grades into caliche then abruptly |5 ft. sampler from |
| | |goes back to clay as 6 - 7 ft. |12 - 14.5 ft.; 0.3 |
| | | |ft. recovery. |
| / | I | |
l I | | |
| | | | |
| / | | | |
] 13.2 | uscLLr |Clay: Medium brown/yellow, moist to wet, brittle, | |
| P | |sitty, sbundant calcareous debris. | |
Jw.sp T | U/MARL jMari: Weathered limestone marl at 14.5 ft.; clay rich, |Water in hole 14.5 |
| JA,YAL T | |soft, oxidized in seams, abundant broken micritic |- 19.5 fr.. 3.5 fr. |
| T 1 | |limestone fragments, wet (satursted - soggy), | recovery. |
| N | |semi-plastic, buff/yellow. | |
| 16 | uscLLR |Clay and Gravel: Gravel < 20%, clay is buff, firm to | |
| | fstiff, moist, oxidation seams, chalky, CaCcO3, rich, | |
| i; ////4 | |with coarse fragments, silty, semi-fissile. | |
| 18 Ij} - | u/MaRL |Mert: Dark grey, semi-indurated, highly calcareous, } |
| T I‘l" | |shaley, fissile, dense, dry to damp. | |
| LI | | | |
| 19.5 :ES_}:j‘t | U/GRSM |Gravel, Sand, and Clay: Gravel up to 80X, |4.2 ft. Recovery.

| OOO | |orenge/yellow, brittle/friable, soft, wet to moist. | |
' ..... ] |s.nd very poorly sorted, very fine to coarse grained, | l
| SHER | |subangular, wet, gravel up to 40 mm, quartz and CaCO3 | |
| E%i;:%£§:i | |and minor shell fragments, slightly cohesive. | |
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 36.2 ft BGL 1
] IRP PHASE Il STAGE 2 ] 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
] 3. DRILLING AGENCY: Envirornmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 1
| 4. HOLE NO.: LF05-10 | 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 623.90 ft MSL !
| X: 2019456.19 v 398656.87 | 14. BACKGROUND: 1
1 | 15. MEASURING POINY ELEVATION: !
|Depth| Graphic | Blow | Soil | | |
[(Fe.)| Log Count |Class/Code [Visual Description | Remarks 1
| B.G.0 | | | 1
I | | | |
l DOO I I ! |
ooy | | |
I ROg | | | |
| 23.9 | ussiet |silt: orange, clayey (slightly), wet, soft, minor |very sharp |
| | |oxidation staining in laminae, very uniform lithology |contact. |
| | |throughout interval, satursted. | |
| | | I |
| I I I |
I | I [ |
I | | i |
| I | | |
| I I I |
| 28.5) . ... | Uu/sOLR |sand: orange/yellow, very fine grained, loose, |very sharp |
] .o | |saturated, > 95X quartz, moderately well sorted, |contact. |
| e | |subrounded grains, no sedimentary structures, minor | |
| | |oxidation pods, very minor carbonaceous flecks; with | |
| | |few large ( 50 - 100 mm gravel fragments) | |
| | | ' I |
| | | I !
l | l | I
| | | | |
| [ I I |
| | U/GRSM |Gravel: Quartz and calcareous fragments, poorly sorted, |Sharp contact. |
| | |wet, slightly sandy, slightly silty, loose, average 2 - [34.5 - 36 ft. = |
] ] |6 mm of subangular fragments up to 75 mm; buff/orange. |NR.. Auger refusal

| | | |at 36 ft.; drive |
| | | |ss. Grout SS |
| | | |refusal. |
] ] U/MARL |Mari: Limestone fragment - well indurated, micrite. |T.D. at 36.2 fr.. }
| l |
| I I
l | |
| l I
I | l
| | |
| I |
| I |
l I |
| ! |
| i |
| I |
| l I

|Buff, few recrystallized fossils, chsulky exterior.

|Poor recovery ss,
|deseription from
Jone fragment. WL =
[26.2 ft.
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| DRILLING LOG 1 RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1_SHEETS 1
[ 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 10.1 ft BGL M
| IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: [-) 1
] 4. HOLE NO.: LF05-11 ] 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/19/90 B
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 597.60 ft MSL 1
| X: 2020646.51 _ Y:  398619.94 | 14. BACKGROUND: 1
] | 15. MEASURING POINT ELEVATION: 1
|0epth| Graphic | Biow | Soil | | |
[¢(Ft.)]  Log Count |Class/Code |Visual Description | Remarks 1
| 0 U/CLAY |clay: Dark brown, damp, calcareous nodules, roots. |Full recovery
| | |untess otherwise
| |noted.
I I
2 U/CLLR |clay: As above, slightly silty and sandy. |
I I
I I
I I
4 U/CLLR |clay: Dark brown, hit root at 5.5 ft., wet. |1.2 ft. Recovery.
I I
I I
I I
6 U/CLLR |Clay: Green/orange, very fine grained sand. |W.L. measured at
| y | |3.05 fr. BLS.
7 L U/SDLR |Sand: Orange/tan, fine to medium grained, wet, |
o |quartzose; at 8 ft., brown, musky odor. 8.5 - 10 ft. |
s e e e |increasing gravel to 20X at bottom of sampler. |
T |Saturated, sheils. ]
O I I
e e e | |
10 [ﬁ:j:::]:] U/MARL |Marl: Green/gray, indurated, fissile, exogyra fossils. |Auger refusal at

!
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
l
I
!
I
!
I
I
I
I
I

I
I
I
|
I
|
I
|
I
I
I
I
|
I
I
I
I
I
!
I
I
I
I

|10 ft. Drove S.S.
[€1 172 ft.); 50
|blows = 0.1 ft.;
|T.0. = 10.1 ft.
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DRILLING LOG | RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET

1 OF 1 _SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE I1 STAGE 2

|1 7. TOTAL DEPTH OF HOLE: 9.2 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

SN

|
I
l
] 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill &-61
| 3. DRILLING AGENCY: Environmentsl Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 6
| 4. HOLE NO.: LFD5-12 ] 11. ELEVATION GROUND WATER:
| 5. NAME OF GEOLOGIST: S. B. Blount ] 12. DATE HOLE ESTABLISHED: 3/19/90
| 6. CODRDINATES OF HOLE: | 13. SURFACE ELEVATION: 594.40 ft MSL
[ Xz 2020606.71 Y: 398699.09 | 14. BACKGROUND:
] | 15. MEASURING POINT ELEVATION:
|Depth| Graphic |  Blow soil | |
l¢(Ft.)l Log | Count lass/Code |Visual Description | Remarks
Y 4 U/CLLR |Clay, Sand, Gravel: Clay is light brown/orange, moist, |Full sample unless
| / |semi-plastic, soft with abundant oxidation. Gravel is |otherwise
/ [10 - 20 mm calcareous pebbles. |indicated.
1.5 |- « = -« U/SDSM |Sand: Orange, moist, clayey 2 - 2.5 ft., silty, very |Gradational
e |fine grained, poorly sorted. jeontact.
2.5 U/CLLR |Sondy Clay: Clay as above, without gravel (calcareous |water in hole at 5
jdebris minor), sandy and silty to 4 ft.; silty to 6.8 |ft.
|ft.; clay is grey/brown, moist, soft; very soft and wet |
|at 5 fr., minor oxidized sand seams, few very fine |
|rootlets, semi-plastic. |
I I
I |
I I
| I
6.8 U/CLAY |ctay: Dark grey/black, soft, plastic, wet, highly |sharp contact.
Jorganic, few fine rootiets, silty (minmor). |Musky odor. 1 ft.
| |Recover ST. Marl at
| |sample bottom.
U/SDVF |Sand: Very fine grained, moderately sorted, dark grey, |
“ ... |carbonaceous streaking, wet, quartzose. |
9 ——T 50 U/MARL |Martl: Medium grey, fissile, well indurated, micritic, |]7.D. at 9.2 ft_;

I
c
[
I
I
I
I
|
I
I
I
I
I
|
I
|
I
I
[
I

8.8 |
I
I
I
I
I
|
I
|
|
I
I
|
I
|
|
[
|
I
|
|
!
I
|
I
I
|

— e — —— — t——— e — —— —— — —— — —— —— —— —— ——— —— — ——— (i —

{brittle in chaulky zones.

jwL = 2.73 fe.

OO SO 1 B B
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L DRILLING LOG | RADIAN CORPORATION INSTALLATION: CARSWELL AFB, TX

| SHEET 1 OF 1 SHEETS

| 1. PROJECT: CARSWELL AFB, 7. TOTAL DEPTH OF HOLE: 17.1 ft BGL

|tractures, calcareous.

] 1

] !
| IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level |
| 2. LOCATION: Flightline Area _ 1 9. MANUFACTURER’S DESIGNATION OF DRILL: _ Mobile Drill B-61 |
] 3. DRILLING AGENCY: Envirommental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 9 |
| 4. HOLE NO.: LFO05-13 ] 11. ELEVATION GROUND WATER: |
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/19/90 {
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: _605.00 ft MSL |
L X: 2020738.54  Y:  398406.77 | 14. BACKGROUND: |
1 _ | 15. MEASURING POINT ELEVATION: |
|oepth| Graphic | Blow | Soil | | |
J(Ft.) Log Count |Class/Code |Visual Description | Remarks 1
| o ;// | U/CLAY |Clay: Dark brown, demp, roots, plastic; calcareous zone |Full recoveries |
| | |starts at 1.8 ft. |unless noted. |
I I I I I
I I I I I
] 2 | U/CLLR |clay: Orange/brown, very silty, sbundant calcareous |1.6 ft. Recovery. |
| | |material (caliche), dry, slightly cohesive. ] |
| | | I |
I | I | |
| 4 | U/sCLLR |Cltay: As above, 20 - 30X calcareous material. | |
| / | | I |
| I I I I
I I I I I
| 6 | U/CLLR |Clay: As above, moist; increased calcareous msterial, |1.4 ft. Recovery. |
| | [8.7 - 9.3 ft. Aalmost completely calcareous material. | |
| | I | |
| | | I I
| I I | I
I /I I I I I
| | | | I
o3 - -+ - | | U/SAND |Sand: Orange/tan, fine to medium grained, loose, damp, |Pushed S.S. |
| U0 | |subround, quartzose, minor oxidation staining. |sampler (1.5 ft.). |
I SN | | I I
T R | | | |
I | ! | I
| 12 | u/soLRr |Sand: As above, calcareous zones (~ 0.5 ft.) at 13 ft. |Could not get W.L. |
| | |and 14 ft.; also gravelly in these zones. Material |down hole after |
| | |saturated at -~ 13.5 ft. |asugers pulled; 4.5 |
| | | |ft. Recovery. |
I I I I I
I I I I I
| 15 | ussoLr |Sand: As above. | |
I I I I I
| 16 | U/SDGR |send and Gravel: 50/50, very fine sand to pebble size |Sampler refusal at |
| | |gravel, saturated, numerous shells. |17 fe. |
| 17 | U/MARL |Marl: Gray/green, fissile, indurated, iron stained in |Driving 1 1/2 ft. |
| I I
| I I
| I I
| I I
| I I
| I I
I | I
I | |
I I I
I | I

I
I
I
|
I
I
I
I

|s.S. 1 1/4 in. for
|50 blows; T.D. =
[17.1 fe.

A=-44
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| DRILLING LOG

| RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX

| SHEET 1 OF 1 SHEETS

| 1. PROJECT: CARSWELL AFB,

| 7. TOTAL DEPTH OF HOLE:  13.3 ft BGL

|

]
] IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea (evel |
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritt B-61 {
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 8 |
| 4. HOLE NO.: LFO05-14 | 11. ELEVATION GROUND WATER: 594.14 ft MSL (6/18/90) ]
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/19/90 |
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION:  603.20 ft MSL |
1 X: 2020910.08 Y: 398467.53 | 14. BACKGROUND: 1
1 | 15. MEASURING POINT ELEVATION: 602.98 ft MSL {
|pepth| Graphic | Blow | Soit | | |
J(Ft.)] Log Count _|Class/Code |Visual Description | Remarks ]
| 0 / | u/CcLLR |Clay: very dark brown, soft, dry to damp, |Futl recovery |
| | |brittie/crumbly, fine rootiets and calcareous pebbles, |uniess noted |
| | |sbundant calcareous debris 1.5 - 2 ft.; silty, sandy. |otherwise. 3 ft. |
| / | | |Recovery. |
| 2 | uscLay |Ctey: Brown/tan, firm, dry to damp, abundant calcareous | |
| I |debris, ‘crumbly’ carbonaceous particles, stiffens to | |
| | |base. [ |
| 3.5 | uscLLrR Ictay: As above, calichified to 4 ft., very stiff, dry, |3.5 ft. Very hard |
| | |sitty, sandy to 4.7 ft., clay below is orange brown, |to cut. |
| | |very stiff, damp with abundant calcareous debris and | |
| | |carbonaceous streaks/particles, brittle, sandy. | |
| I | | |
: . : :
| // | | | |
| 7.2 L1 | U/MARL |Mert: Light grey, very stiff, silty ctay with abundant | |
| 1 I I | |large Caca3 fragments, oxidized in seams, brittle, | |
| T 1 | |moist, ‘stickensided’. I |
|85 | "~ | U/SOFN |Sand: Fine grained, orange tan, oxidized, moderately |2.5 ft. Recovery. |
| R | |sorted, subrounded, wet, loose, quartzose with > 95X | |
| e e e | |quartz and < 5X heavy minerals. | |
| 8.7 OO | U/SDGR |sand and Gravel: Send as above with gravel at 8.7 ft., |Water in hole at 9 |
| -0-0-¢ | |gravel is predominately CacO3 fragments, poorly sorted |ft. |
| boo | |(some quartz) average 3 mm, up to 30 mm. Approximately | }
| Helell I |40% of sample; subrounded. | |
] 10.5 bOO | U/GRSM |Gravel and Sand: As above, only gravel 60 -70X% of |oriller says |
| NP | |sample, few Large > 70 mm fragments. |timestone at 13 ft. |
| 13 S0 | U/MARL |Mert: very hard - no recovery. |prove ss; SO blows |
| | |
| | I
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| ! |
| | |

|went 1 in.; no
|recovery; T.D. at
[13.3 ft.; WL - 9.43
|ft.
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 3 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE:  40.6 ft BGL 1
| IRP_PHASE 11 STAGE 2 ] 8. DATUM FOR ELEVATION SHOWN: sea level |
] 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
| 3. DRILLING AGENCY: Envirornmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 26 |
| 4. HOLE NO.: LF05-15 _1 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/19/90 1
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 626.50 ft MSL 1
| X:  2019457.49 398082.81 ] 14. BACKGROUND: !
] ] 15. MEASURING POINT ELEVATION: 1
|Depth| Graphic | | soil | ! |
J¢Ft.}| Log |Class/Code |Visual Description | Remarks 1
| o [/ | U/CLLR |clay: Dark brown, firm, moist, semi-plastic to 1.8 ft.; |Full recovery |
| | |calcareous pebbles aligned horizontal in "beds* to 1 Junless otherwise |
! / | |ft.; rootlets, orgenic, slightly silty 1 - 2 ft. |indicated. |
l I | I |
]2 ) | U/CLLR  |Clay: As sbove, leached to buff color with oxidation | |
] | |staining, abundant caicareous pebbles 1.8 - 2.1 ft. | |
| 2.1 | U/CLLR |Clay: As first clay with pebbles and semi-leached zone, |Alternating zones !
] | |pebbies and cisy 3 - 3.2 ft., interval from 2.1 - 4.4 |3 - 6 ft. each |
| | |ft. orange/brown. Alternating zones of dark brown firm |approximately 0.3 |
| | |elay with abundant calcareous debris and orange/brown, |ft. thick. |
| | |softer with pebbbles; thin sand 3.6 - 3.8 ft., very | ]
| | |tine sra | |
| 6 | Uu/CLLR |clay: Slightly sandy, silty, minor calcareous debris, |Water in hoie at 7 |
] | |very soft, saturated (soggy), oxidation stained |ft. Perched? |
| | | throughout, minor carbonaceous stresking, few very fine | |
| | |rootlets, orange/brown. | |
| 8 | U/CLLR |ctay: As above, firm, dark brown clay with few pebbles | |
| | |from 9.8 - 10 ft.; no silt, very sandy at top. | |
| | | I l
l | | | |
| 10 | U/CLLR |Cleay: As above, very sandy at top with dark brown, firm |Clayey sand? |
| | |to stiff clay at 11 - 12.1 fr., oxidation streaked. | |
I | I | |
| | I | |
l | | | l
| 1241 | UscLLR |clay: As above, no roots, minor calcareous debris. | sandy/soggy top ]
| | | |very regutar - |
| | | |function of |
I | | | |sanpter? |
RT3 | | | ussbcL  |Clayey Sand: Orange - very fine grained, saturated, | |
| | |cohesive, very poorly sorted, quartzose, minor | |
| C e e | |carbonaceous stain, 14.1 - 14.8 ft. | |
| 15 / | U/CLLR  |Clay: Dark brown-black, firm to stiff. | |
| 15.9 /// | U/CLLR |Clayey Sand: As above, 15.9 - 16.3 ft. | |
17 - .. | ussocL |sand: As sbove. | |
| 17.5V | UscLLR |Clay: As above, dark brown to black, minor calcareous | |
| | |pebbles, firm to stiff, moist to wet, abundsnt | |
| /] | |carbonaceous stains, minor oxidation. | |
| 18 " | Uu/ssDsM |sand: Silty, cisyey, saturated, ss sbove 18 - 18.6 ft. |Very regular - |
| | | I#11 |
| 19 | U/CLLR |Clay: As above. | |
| 19.9 | uscLLR |Clay: Caliche layer between 19.9 - 20 ft. and between )
| I |
| | l

N

|
j21.8 - 22 ft. with intervening clay, as above. |
|
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 3 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 40.6 ft BGL 1
] IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOMWN: sea level B
] 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobite Drill B-61 1
| 3. DRILLING AGENCY: Environmental Orillers, Inc. | 10. NO. OF SAMPLES TAKEN: 26 1
| 4. HOLE NO.: LFO5-15 | 11. ELEVATION GROUND WATER: ]
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/19/90 1
| 6. COORDINATES OF HOLE: | 13, SURFACE ELEVATION: 626.50 ft MSL 1
| X: 2019457.49  Y: 398082.81 | 14. BACKGROUND: 1
[ | 15. MEASURING POINT ELEVATION: 1
[pepth| Graphic | Blow | Soil | | [
J(Fe. Log | count |Class/Code |Visual Description | Remarks 1
| V/ | | | |
| I | I I
| 22 | u/scLLr |clay: As above, with abundant calcareous debris. | |
I //I I I I I
I A I I I |
| 23.4)° ° ° ° | usstct |silt: Tan/orenge, slightly clayey, wet, slightly sandy, |First push on ST |
[ P | |no sedimentary structures, cohesive. |had no recovery; |
| | | |pushed ss - full |
I R | | | recovery. |
| 5.4, . ,'_ . | ussosu |sand: Tan/orange, very fine grained, moderstely swell |Sharp contact. |
| .. | |sorted, quartzose with > 95X quartz, minor carbonaceous |Driller says hard |
| R | |lamina, subrounded, wet/saturated, loose, grading to |and soft layers |
| 0 | |site. |when augering |
| I | | |between 15 and 25 |
T | | ¢t |
| 26 | ussiey |silt: As above, no clay, greding to silty sand (sand as | |
| | |above); silty to 29.3 ft. | |
| 29.3} . . .. | u/ssosM |send: As above, no silt, no sediment structures, except | |
I S | |minor dark carbonaceous laminae. | |
I UL I I I I
| . I | I |
[ I I I |
A | | | |
| 32.2 C).()I | U/GRSM |Gravel: Orange, very poorly sorted, CaCO3 and quartz; |Sharp Contact. |
| 'Ooq | [Caco3 fragments all > 15 mm; quartz fragments most of | |
| tj_tj_tj | |smeiler; subrounded, slightly sandy, wet, loose, | |
i PN | |sverage fragment equails 5 - 10 mm up to 75 mm, slight | |
| OO(I [ |ctay/chatkiness. | I
| »O.'-Q'-qu ! | | l
| 0-0¢ | | | |
| 36 HONS®) | usGRVL |Gravel: Very ‘clesn’, better sorting, predominately |sharp Contact. |
| 000 | |quartz, no sand/clay, minor shell fragments. | |
l _boo ! I | |
: 37.1 OO0 O t U/GRVL :crnvel: Clean as above. : :
| OO0 O ! | | |
| 39.5p O O | u/GRWVL |Gravel: Darker in color, black staining throughout. | TCE? No reading [
| O0d | | |HNU/Drager. |
| 40 ‘00O | U/soGR |sand and Gravel: Fine grained gravel and sand, poorly | |
| -Cj-tj-ﬂ | |sorted, very loose, with broken shell fragments. | |
! 00 | | | |
| Foo | | | |
I -0-0 I I I |
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]| DRILLING LOG

| RADIAN CORPORATI1ON

| INSTALLATION: CARSWELL AFB, TX | SHEET 3 OF 3 SHEETS

| 1. PROJECT: CARSWELL AFB,
IRP_PHASE Il STAGE 2

| 7. TOTAL DEPTH OF HOLE: 40.6 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION:

Flighttine Area

| 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drilt B-61

| 3. DRILLING AGENCY:

Envirommental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 26

| 4. HOLE NO.: LF05-15

] 11. ELEVATION GROUND WATER:

| 5. NAME OF GEOLOGIST:

| 6. COORDINATES OF HOLE:

S. B. Blount

| 12. DATE HOLE ESTABLISHED: 3/19/90

| 13. SURFACE ELEVATION:  626.50 ft MSL

| X: 2019457.49  Y: ] 14. BACKGROUND:

l 1 15. MEASURING POINT ELEVATION:

|[Depth| Graphic |  Blow | |

J(Ft.) Log | Count |Visual Description : | Remarks

| 4041 []|so |wart: Buff, clayey/chaulky, predominantly welded |39.5 - 44.5 ft.

I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
|
I
|
I
I
I
I
|
|
|
|
I
I
I
I
I
I
I
I

|crystattized shelt fragments, fissile to brittle,
| semi-indurated, wet.

|recovered 2.5 ft.,
|but 1.5 ft. was
|stuff. Auger
|refusal at 40.5
|ft., went in with
|SS; 50 blows and
|1.5 in. recovery;
[T.D. at 40.6 ft.

e o e - — e e — e —— — — — — — — — — — — — —— — —— — —— — —— — — — — — i S i e s [ e [pe e e e .__I_I_,__._
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| ORILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 23.1 ft BGL 1
I IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: ses level 1
]| 2. LOCATION: Flightline Area _| 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Driltl B-61 1
| 3. DRILLING AGENCY: Environmentst Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 12 1
| 4. HOLE NO.: LF05-16 | 11. ELEVATION GROUND WATER: 1
1 5. NAME OF GEOLOGIST: §. B. Blount _1 12. DATE HOLE ESTABLISHED: 3/19/90 1
| 6. COORDINATES OF HOLE: 1 13. SURFACE ELEVATION: 612.30 ft MSL Bl
| x: 2021041.70 Y:  398229.39 _| 4. BACKGROUND: 1
1 | _15. MEASURING POINT ELEVATION: 1
|[Depth| Graphic |  Blow | Soil | | I
J¢Ft.)] Log | Count |Class/Code [Visual Description | Remarks 1
|0 I;j:;//' | u/scLAY |Clay: Brown with orsnge cast, soft to firm, soil top, |Full sample |
| ] |rootlets to bottom, dry to damp, semi-plastic. |recovery unless |
| ] | |otherwise noted. |
| | I | I
| 2 | U/CLLR |clay: Brown, very stiff, brittle, sbundant calcareous |Can not cut with |
| | | fregments/shells, very minor rootiets, minor |kni fe. |
| | |carbonaceous flecks, dry to damp. |

| / | | | |
| 4 | U/CLLR |clay: ‘Caliche’ - dessication cracked, white/brown/buff |0.2 ft. Sample |
| ] |mottled, calcareous debris up to 10 mm, dry, ‘hard’ -  |recovery. |
] | |stiff/brittle. | |
| | | | |
| 6 | urscLLr |Clay: fCaliche’ as above, well indursted intervals, |1 ft. Recovery to |
| | |brittle, dry; limestone inclusions up to 20 mm. |refusal at 7 ft. |
| 7 | u/cLLR |Clay: Caliche as sbove, thin indursted zones; mostly |Driller says |
| | |dry, very stiff, highly calcareous buff/orange clay |limestone; will |
| 4/////J | |with inclusions as sbove, minor carbonaceous flecks; |drive 7 - 8.5 ft.; |
| é(/J | |sandy from 8 - 8.5 ft. |full recovery Ss. |
| 9 '_'_'_'. | U/sDsM |Sand: Abundant calcareous debris to 9.6 ft. - red, fine |ST from 9 - 10 ft. |
| PR | |grained with silt, quartzose, dry and angular to 9.6 |Full recovery. |
| . | |ft.; sand below 9.6 ft. is orsnge/yellow, very fine | |
| . Vv | |grained, loose, su.unguur, > 9S.x-quurtz, dry. | |
| 10 SRR | ussoLr |sand: As above, thin gravel horizions developed 10.5 - | |
| OO# I [10.8 ft., 12 - 12.6 ft.; color laminse ~ 3 mm - | |
| C?'F?'F? | |orange/yellow. Gravel up to 30 sm; minor gravel in sand | |
| ’F}'F)‘F ] |very fine grained - fine grained, orange to 15 ft. | |
I B OO0 | | | |
| JONGR | | | [
% 0.0-0 | U/SDLR  |Send: As above. | I
| OOi I | I |
N olfelte ! ' | |
. lood ! | ]
| 16 QO | u/soLR |sand: As above, few gravel/cslcareous concretions [Not sufficient |
| C?‘F?‘FI | |throughout, moist at 16.5 ft, wet at 18.5 ft., gravel |gravel to be |
| ‘ g?'g)‘g | |up to 50 mm, minor color laminae. |classified as sand |
I 0-0-0 I | |and gravel (10%); I
| -0-0O-( | | |water at ~ 19 ft. |
I boo ! | | |
| 19 _tj_tj_% | ussoLr |sand: As above, minor very cosrse sand/fine gravel, | |
| Ej‘k:i'tj | |sand is tan/orange, very fine grained, saturated, | I
| 'tj'tj'q | |quartzose, subsngular, > 95% quartz with moderate | |
| tj-. ~ | |sorting. | I
RO .Oa | ! | !
I e | ! l l

0-G-0
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS ]
| 1. PROJECT: CARSWELL AFB, ] 7. TOTAL DEPTH OF HOLE: 16.6 ft BGL 1
| IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level ]
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobi le Drill B-61 |
| 3. DRILLING AGENCY: Envirormental Drillers, inc. | 10. NO. OF SAMPLES TAKEN: 9 |
| 4. HOLE NO.: LF05-17 | 11. ELEVATION GROUND WATER: ]
] 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/19/90 !
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION:  606.50 ft MsL |
] X: 2021241.43  Y:  398317.23 ] 14. BACKGROUND: 1
| | 15. MEASURING POINT ELEVATION: |
[Depth| Graphic | Blow | Soil | | |
J(Ft.0)] tog Count |Class/Code |Visual Description | Remarks |
|0 | uscLLr [Clay: Brown, soft - firm, silty with minor very fine |Full recovery |
| | |grained send, roots, moist, minor calcareous pebbles Junless otherwise |
| | |and carboneceous staining, semi-plastic. |noted. [
I I I I I
I I I I I
| I I I I
| 3 | uscLer |ctay: As above at 3 ft., with abundant calcareous | |
I I |pebbles. I I
| 3.2 | usGrRCL |Gravel, Ctay, and Sand: Gravel is calcareous, dry to |Gravel Contacts. |
| | |damp, calichified, < 15 mm, buff, wetness increases | |
| | |with depth, very poorly sorted with clay lenses. Clay | |
| | |is as above. | [
| 4.5 | UssaND |sand: Sand is very fine grained - fine grained, orange |sharp Contact. |
| | |oxidized at top grading to buff/yellow at 5 ft., | |
| | |subrounded, moderately well sorted, moist, quartzose | |
| | [with > 95X quartz, small shell fragments abundant to 10 | |
| | |ft. Grain size up to sand/gravel at 6.8 ft., then very | |
| | |fine grained | |
| - | ! ! !
| 9.4 | U/CLLR  |Clay: Minor shell fragments. | |
[0 |7 " | ussovr |send: As sbove, very fine grained, well sorted, |2.5 ft. Recovery. |
| l- . ... | |subangular to subround, moist to wet, color laminated, | |
| - I [> 95% quartz. I I
I .0 I I I I
| ... .. | I I I I
I | - | I | I I
I I I I I I
I | EEPEP I I I I
| 14 . | u/sove |sand: As above. |No visible |
| V. | | |contamination, but |
| e e e | | |high Drager |
| . | | |readings 1 ft. |
[ A | | |Recovery. |
|16 L . ... | U/sovF |sand: As above. |No odor. |
| 16501 1 |so | U/MARL  |Marl/Limestone: Micritic, light grey, dense, meny small |Sample description |
| | |tossils (recrystallized), well indurated, chaulky | from smalt |
| | |surface. | fragments, |
I | I
I I |
| I I
l I I
| I I
I I I
I I |
I I I

|apperently very
|hard. T.D. at 16.6
|ft.
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] DRILLING LOG | RADIAN CORPORATION _] INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS 1
| 7. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 24.0 ft BGL |
| IRP PHASE 11 STAGE 2 _| 8. DATUM FOR ELEVATION SHOWN: sea level |
| 2. LOCATION: Flighttine Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritlt B-61 il
| 3. DRILLING AGENCY: Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 10 1
| 4. HOLE NO.: LF05-18 | 11. ELEVATION GROUND WATER: 594.11 ft MSL (6/18/90) |
] 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/21/90 |
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 612.10 ft MSL 1
| _X: 2021280.30 Y:  398169.30 | 14. BACKGROUND: 1
] _| 15. MEASURING POINT ELEVATION: 611.84 ft MSL 1
|pepth| Graphic | Blow | Soil | | |
J(Ft. Log Count |Class/Code |Visual Description | Remarks 1
TR | | |completion. No

. v | |gravets.

SR | |

..... | I

. | i
23.2 U/MARL |Mart: White/gray, indurated, oxidation staining in |orove 1 172 ft.
|fractures. |s.S., 50 blows. 2
| |in. recovery. T.D.
|= 23.95 ft.

A=-53
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| DRILLING LOG | RADIAN CORPORATION ] INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS |
| 1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF MOLE: 20.8 ft BGL |
| IRP PHASE 1] STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level |
| 2. LOCATION: Flightline Area { 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
| 3. DRILLING AGENCY: Environmental Dritlers, Inc. | 10. NO. OF SAMPLES TAKEN: 9 |
{ 4. HOLE NO.: LF05-19 | 11. ELEVATION GROUND WATER:  593.54 ft MSL (6/18/90) |
| 5. NAME OF GEOLOGIST: S. E. Fain _| 12. DATE WOLE ESTABLISHED: 3/21/90 |
| 6. COORDINATES OF HOLE: | _13. SURFACE ELEVATION:  606.30 ft MSL 1
[ X: 2021663.85  Y:  397850.57 | 14. BACKGROUND: 1
i | 15. MEASURING POINT ELEVATION: 606.08 ft MSL 1
|Depth| Graphic | Blow | Soil | | |
J¢Ft.) Log | Count |Class/Code |Visual Description | Remarks 1
| 0 t::/// | usctay |Clay: Dark brown first 1 ft., then orange/brown with |0.3 ft. Recovery. |
| L//////// | |abundant calcareous material, damp, cohesive. |Stuck in shelby |
| / | | Jcube. |
| / | | | |
| 2 | ussomo |Sand: Orange, cemented 3 - 4 ft., medium grained, dry. | |
[ | I | |
| | | | |
| I | I |
| 4 R | u/sanp |sand: Orange, fine to medium grained, quartzose, damp, |1 ft. Recovery. |
| . e | | Loose. | |
R | | | |
| - | | I |
| 6 |- | U/LMsN |Limestone: 1 in. Limestone bed undertain by 2 in. | |
| T I ! | |cemented sand st 6.0 ft. | |
| 6.3 E:§V1 e | U/sOGR |sand and Gravel: Orange, poorly sorted, very fine |1 ft. Recovery. |
| . ,'F?'S | |grained sand to pebble size gravel, damp. Gravel is | |
I RPe0 ! |subround. n |
| OO | | | |
| ROO | | ! |
| }-0-04 | | l l
| 10 D-0-0O | u/ssoer |sand and Gravel: Orange, 60% sand, 40X gravel, damp, [4.2 ft. Recovery, |
| tj.tj.t I Joxidation staining 11 - 13 ft; occasional limestone | |
| Eq ;)'ED | |cobbles and thin beds, saturated at - 13.5 ft. | |
R B : :
| 00O | | I I
! O-04 | | | |
I RO0 | | | |
| 13.7}.-O-O-¢ | U/GRSM |Gravel and Sand: As above but > 80X gravels (mainly 2 - |W.L. measured at |
| Ej.k:i.tj | |10 mm), saturated, esssorted sand sizes, gravels mainly |13.6 ft. 3.6 ft. |
| ,E:i,tj,t | |subround chert and angular Limestone clasts. |Recovery. |
| boo | | | |
o feed | | |
| PRC 1 | | |
| 20 1 l | l
1 OO | | | |
I 110 O | | | |
| 19 C2'§2'§2 | U/GRSM |Gravel end Sand: 80X gravels 2 to 25 mm, 20X assorted | 1
| .gg.().q | |sand sizes, saturated, numerous shells (gryphes?); 19 - | |
| bOO I [19.3 ft. medium sand bed. | |
oo | | | |
 boo | | | |
| el | | | |
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 20.8 ft BGL
L IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level
1 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: _ Mobile Drill B-61
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAXEN: ¢
|_4. HOLE NO.: LF05-19 | 11. ELEVATION GROUND WATER: 593.54 ft MSL (6/18/90)
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/21/90
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 606.30 ft MSL
| Xx: 2021663.85 Y:  397850.57 | 14. BACKGROUND:
| 1 15. MEASURING POINT ELEVATION: 606.08 ft MSL
|Depth| Graphic |  Blow | Soil | |
[¢Ft.)| Log Count [Class/Code [Visual Description | Remarks
je0.5[ 1 I _Jlso | U/MARL  |Marl: Limestone, weathered, tan/white, indurated but  [Sampling hard at
| |heavily fractured, oxidation staining on fracture |20 - 20.5 ft.;
| faces. [prove 1 1/2 ft.

| |S.S., 50 blows =
2.5 in. T.0. =
[20.75 ft.

— — —— —— i S — —— —— — — — —— — — — — — — — o — — S —— S — — o — e} b St e, i ey gty S o

I I
P |
I |
I | |
| | | |
o I I
I | I
oo | I
P | I
P | I
I | I
o I I
P | I
| I | |
o I |
o | [
I | I
oo | I
| | | |
| | I I
ol | I
(I | |
P | I
(. | |
b I |
I | |
o I I
o | I
o I I
P | I
I I I
Fo | |
| | | |
| | | I
oo I |
| I | I
I | |
| | | I
P | |
P | I
b | I
P | !
P I [
o ! I

— —— —— — — —— —— — — — — f— S — —— — . — S —— o o o ot St S et bt it s S s b b .

e e . . —— —— —— — — —— —— — ——— — —— . — —— — G S S — —— — — — —— — — —— — —— —— — —— — ——— — e —— e — e e e e p e = b= }—
T
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APPENDIX B
Well Completion Summaries

(Previous Well Completion Summaries may be found in
CH2M Hill (1984), Radian (1986), and Radian (1989))
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WELL COMPLETION LOG

| RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB

| 9. INSTALLATION DATE: 3/23/90

10. WELL COMPLETION METHOD:

GRAVEL PACK W/SCREEN

]

|

] |

| 2. LOCATION: Site LF04 | _11. ZONE OF COMPLETION:  Aquifer

| 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 28.00 ft

| 4. WELL NO.: LF04-01 | 13. MEAS. POINT ELEV.: 629.24 ft MSL

| 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in

| 6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC

| 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 29.95 ft

| 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in

| 18. REMARKS: 1-10"x2%x0.02" Screen,3-10’x2" Risers, Bottom Plug 1-Locking Cap,1-5'x2% Riser

]

|

| TOP OF CASING

I I |

| GROUND SURFACE ! |

| t | | | | 1
I | | | | | |
| [ BACKFILL MATERIAL: | | [ | |
| [ Cement-Bentonite Grout | | | | |
| | | | | | I
| | A | [ I BOREHOLE DIAMETER: |
| | oo | I 8.000 in |
| BOREHOLE | | | | |
| DEPTH: [ | [ | |
| 40.10 ft | | | | |
| | | | | | SEAL MATERIAL: |
| | | | Bentonite |
| | 1 | 1 | |
I | f | | | | I
| | SEAL LENGTH: | | | | |
| | 2.00 ft | | | | CASING DEPTH:
| | | | | [ | 40.00 ft
| | 4 | | ] ] |
I | f | | | | I
| I I | I | | I
| | I I I | I
| | I | I — | 1 I
I | I | 1| | | I
I | I | | — | | | I
I | I | I | | I
| | | | | — | | SCREEN LENGTH: |
I | | | | I 9.75 ft |
| | FILTER PACK | | — | | | |
I | LENGTH: | R | | I
I | 12.10 fv | I — | | | I
I | I ! 1 | ¥ I
I | | | I | | 1 I
I | | I | | | | I
| | | | | | | BLANK LENGTH: |
I I I I I I I 0.30 ft I
I I I I I | I I I
| | | | L1 | ¥ Y
| | I | I

| ¥ Y | |

|

| FILTER PACK MATERIAL: 8-20 Silica Sand

|

——— —————— — — —————— —— —— —— — — — — b —— o e p e e e b b — —
e . e e . —— —— —— o —— —— —— vy — —— —— — — — — — — —
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WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB 1
1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB ] 9. INSTALLATION DATE: 3/28/90 1
| 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN |

2. LOCATION: Site LF04 | 11, 20NE OF COMPLETION:  Aguifer {
3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 20.90 ft 1
4. WELL NO.: LF04-02 ] 13. MEAS. POINT ELEV.: 623.68 ft MSL 1
5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in 1
6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC |
7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 23.10 ft |
8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in 1
18. REMARKS: 1-10’x2"x0.02" Screen,3-10’x2" Risers,1-Cut piece (~0.4’),1-Locking Cap, 1-bottom Cap |
1

H——————"———————————————'—-—————————""——————————"————'—'—'-—"—-'—-—-'—I—-'————

TOP_OF CASING

¥

|

|

|

| | |

GROUND SURFACE | 1 |

t | | } |
| | | | |
| BACKFILL MATERIAL: | | | | I I
| Cement-Bentonite Grout | | | | | I
l | | | |
| — | | |[/___ BOREWOLE DIAMETER: | |
I /1 | | AN 8.000 in | I
BOREHOLE | I | I | I
DEPTH: | | I | I I
37.70 ft | I | I | |
l | | | | SEAL MATERIAL: | |
I | | | | Bentonite | |
I [ L1 , |
| t o | ,
I SEAL LENGTH: | | I | |
I 2.00 ft | | | | CASING DEPTH: |
| | I I 37.65 ft |
| ¥ I I | | |
! t o | ,
I | | | | | | |
| | I N | ,
| | I I D t , ,
| | I P | | ,
| | | I — | | | |
| | | | | | | |
| | | | — | |  SCREEN LENGTH: | |
I | I ] [ 14.35 ft | |
I FILTER PACK | I 1 | | I |
I LENGTH: | | | I I I
| 16.80 ft | | — | | I | I
| | [ D B t | ,
| | I I | | 4 | |
| I | | | | | | I
l | | | | | BLANK LENGTH: | |
' | I I I | 0.20 ft | |
| | I N B | | ,
I | | L1 | 3 ¥ |
I | | | |
¥y | |
|

|

|

FILTER PACK MATERIAL: 8-20 Silica Sand
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| WELL COMPLETION LOG | RADIAN CORPORATION

| INST

ALLATION: CARSWELL AF8

| 1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB
|

1 9.1

NSTALLATION DATE: 4/3/90

| 10. WELL COMPLETION METHOD: GRAVEL P,

ACK W/SCREEN

2. LOCATION: Site LF04 | 11. ZONE OF COMPLETION: Aquifer

3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 19.40 ft

4. WELL NO,: LFD04-03 | 13. MEAS. POINT ELEV.: 623.25 ft MSL
5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 6.00 in

6. WELL TYPE CLASS: MONITORING WELL ] 15. CASING MATERIAL: Schedule 80 PVC
7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 22.40 ft
8. LOCATION TYPE: WL ] 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1x107x&% PVC 0.020 screen, 1x5’x6é" screen, 2x10/x6" PVC riser, 1x5/x6" riser.

GROUND SURFACE

TOP OF CASING

L

FILTER PACK MATERIAL: 8-20 Silica Sand

|

]

]

|

]

|

|

I

]

I

I

I | I

| ! |

| t I | | t
I | I I o |
I | BACKFILL MATERIAL: | | | | |
| | Cement -Bentonite Grout | | | | |
| | | | |
| | — I | I BOREHOLE DIAMETER: |
| I /1 | | I\ 14.500 in |
| BOREHOLE | | | | |
| DEPTH: | | | | |
| 37.52 ft I | |
| I | | | | SEAL MATERIAL: |
| | | | Bentonite |
| I J S— J |
I I t I o |
I | SEAL LENGTH: | | | | I
| | 2.30 fe | | . CASING DEPTH:
| | | I I 37.42 ft
| | ¥ L1 ] | |
l | t | | |
I I I I | I |
I I I oo oo I
I I | | I — t |
l l | I I | |
| | | Il — ] | |
| | | [ OSSN | |
| I | | | — | |  SCREEN LENGTH: |
| | I [ S 14.26 ft |
| | FILTERPACK | | __ | | | |
| | LENGTH: | | | | |
| | w2 | | _ | | |
| I | I 1 | 4 |
| I I I I t |
! | ! N | |
I I | | | | | BLANK LENGTH: |
| | | | | 0.76 ft |
| I | I Lo | |
I I | | i ] | 4 ¥
| I | | |

I ¥ 4 1 ]

I

I

O I B
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| WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB

| 1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/20/90

] | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN
] 2. LOCATION: Site LF04 | 11. ZONE OF COMPLETION:  Aquifer

] 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 13.20 ft

| 4. WELL NO.: LFO04-04 | 13. MEAS. POINT ELEV.: 612.07 ft MSL

] 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in

| 6. WELL TYPE CLASS: MONITORING WELL _ | 15. CASING MATERIAL: Schedule 40 PVC

| 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 15.20 ft

| 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: Sounded Well after Completion, 25’ BLS. * Cave-in from 25.2° - 24.8’

TOP_OF CASING

t
I
I
I

I |
GROUND SURFACE | ]
t | I I |
| I I I |
| BACKFILL MATERIAL: | | | |
| Cement-Bentonite Grout | | | |
I | | I |
| A\ | | |/___ BOREHOLE DIAMETER: |
| / | | I\ 8.000 in |
BOREHOLE | | | I
DEPTH: | | |
25.20 ft | | |
| | SEAL MATERIAL: |
| | Bentonite |
] ] |
t I I I
SEAL LENGTH: | | |
2.10 ft | | CASING DEPTH:
| | | 25.20 ft
¥ l ]
t | I
I | I
I I
I I — |
| |
I
|
I

SCREEN LENGTH:

e — — o ———— ———— —— —— — ——— ——

I

I
I I
I I
| |
I I
I I
I I
I I
I |
I |
I I
I |
I I
I I
I F—
| I
I I
| |
I I
I I
I I
I I
I I
I |
I I
I I
I I
I I
I I
¥ |

| | | 9.73 ft
FILTER PACK I — | |

LENGTH: | | |
11.60 ft I | |

I |—I ¥

l I I t

I I I I

| | | BLANK LENGTH:

| | | 0.32 ft

I I I I

I r 1 ¥

I

¥

FILTER PACK MATERIAL: 8-20 Silica Sand

L-—————————————————————————————————-———————_——-_—I—__I—I_L-»-L_L-I—I—I—
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WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB
. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB ] 9. INSTALLATION DATE: 4/2/90
| 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

2. LOCATION: Site LFO4 | 11. 20ME_OF COMPLETION:  Aquifer
3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 30.00 ft
4. WELL NO.: LF04-10 | 13. MEAS. POINT ELEV.: 626.54 ft MSL
5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in
6. WELL _TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC
7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 39.22 ft
8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 4x10/x2% Riser (-1.25), 1x2%x10’ Screen (0.020 SL), 1x2%x0.2’ Sed. Trap, 1 - Locking 2% topcap,
Flush mount in cast iron vault - grout.

TOP OF CASING

GROUND SURFACE

BACKFILL MATERIAL:
Cement-Bentonite Grout

— — — — — — >

|
]
I
I
|
I
I
|
I
I
|
I
|
I

I
l
I I $
I I |
| | |
I | |
| I |
—Al I |{___ BOREWOLE DIAMETER: |
/| N 8.000 in |
BOREHOLE | | |
DEPTH: | | |
49.50 ft Lo | I
| | | SEAL MATERIAL: |
I | I Bentonite |
I L | 1 |
| t | || |
| SEAL LENGTH: | | | | I
! b20fr || P CASING DEPTH:
| I | I 49.10 ft
I ¥ - L1 |
| t Lo | |
I | I | |
I I [ N |
| l | — t ;
l | R S | |
| I I — | |
I I I S R I |
I | | I — | |  SCREEN LENGTH: |
| | | || | 9.73 ft I
I FILTER PACK | | | | | |
| LENGTH: | |— | | I |
! 9s50¢ | | _ | | | |
I | [ P + .
I I | I t |
I I b b | |
I | I I | | BLANK LENGTH: |
| | | | I | 0.15 ft |
| l | | | |
I | | L | ] ¥ ¥
l | l |
ki ¥ ! |

1 wE
| 1
1
|
|
]
|
l
|
|
I
|
I
I
I
I
|
!
I
I
|
I
I
|
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
|
|
I
!
|
|
I
I
|
I
I
I
I
|
I
I
I
!

FILTER PACK MATERIAL: 8-20 Silica Sand
1

.._._..._._._._..________._._..__.__..___.___.___._....___.._.___._________.___..__,__,__.__..,__._.I_..I._L_.._....._
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| WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB

| 1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB 1 9. INSTALLATION DATE: 3/22/90

| 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

| 2. LOCATION: Site LFOS 11. ZONE OF COMPLETION:  Aquifer

| 3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 11.80 ft

| 4. WELL NO.: LFO05-01 13. MEAS. POINT ELEV.: 621.96 ft MSL

] 5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in

| 6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: Schedule 40 PVC

| 7. FORMATION OF COMPLETION: 16. SCREEN BEGIN. DEPTH: 14.95 ft

] 8. LOCATION TYPE: WL 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-10’x2"x0.02% Screen, 2-10’x2" Risers, 1-0.2 Bottom, 1-Locking Cap

TOP OF CASING

GROUND SURFACE

FILTER PACK MATERIAL: 8-20 Silica Sand

I

|

I

I

I I I

| 1 I

I t I I t
I I I I I
I | BACKFILL MATERIAL: I | | |
| | Cement-Bentonite Grout | | | | |
I I [ | I
| I — I |/ BOREWOLE DIAMETER: |
| | /| I A\ 8.000 in |
| BOREHOLE | | | | I
| DEPTH: | | | | I
| 25.20 ft | | | | I
I I | | | | SEAL MATERIAL: |
I I I | | | Bentonite [
I | P L |
| I 1 I I I
I | SEAL LENGTH: | | | |
| | 2.00 ft | | | | CASING DEPTH:
| | | | | | | 25.00 ft
I | ¥ 1 1 |
| I t I I I
I I I oo I I
I I I I N I
I I I o — t I
I I I I 1l | | I
I I I o — I I
I I I [ N I I
I I I | | | |  SCREEN LENGTH: |
| I | I R 9.75 ft ,
I | FILTER PACK | | __ | | | |
I | LENGTH: | | | | | I
I | B0kt | | || | |
I I I [ N R Y I
I I I I I t I
I I I I I | I
| I | I | |  BLANK LENGTH: |
| I I I | 0.30 ft |
I I I I I | I
I I | L1 | ¥ ¥
I ! | | |

| ¥ ¥ 1 l

I

I

{

IR ) )
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WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB
1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/22/90
| 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN
2. LOCATION: Site LFOS | 11. ZONE OF COMPLETION:  Aquifer
3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 15.00 ft
4. WELL NO.: LF05-02 | 13. MEAS. POINT ELEV.: 622.69 ft MSL
5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in
6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC
7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 16.95 ft
8. LOCATION TYPE: WL | 17. SCREEN SLOT SI2E: 0.02 in

18. REMARKS: 1-10’x2"x0.02% Screen, 2-10°x2% Risers, 1-0.2 Bottom Trap, 1-Locking Cap

TOP_OF CASING

A —

FILTER PACK MATERIAL: 8-20 Silics Sand

1

I

1

|

1

|

]

|

]

|

I

|

I

I

| |

| GROUND SURFACE 1

I 1 I | (I 1
I I I I I I I
I | BACKFILL MATERIAL: I I |
| | Cement-Bentonite Grout | | | | |
I [ I I [ I I
| I — l [ I BOREHOLE DIAMETER: |
l [ /| | | I 8.000 in |
[ BOREHOLE | | I | |
[ DEPTH: | | I I I
[ 27.20 ft | | I | I
I I I | SEAL MATERIAL: |
| I I [ Bentonite [
I | | ! ! i |
I I t I I I I I
[ I SEAL LENGTH: | | | [ I
| I 2.00 fr | I I CASING DEPTH:
| I I I I 27.00 ft
I I ¥ | ! l I |
I I 1 | I | I I
I I I I I [ I I
I | I I [PR— I I
I | I I I — | I 1 I
I I I I || I I I
I | I I l — I I I
I I I I | I I I
I I I I | — | | SCREEN LENGTH: |
l | | I P 9.75 ft ,
I | FILTER PACK | I 1 | | I
I I LENGTH: | | [ | I
I | 1220¢ | | _ | | | I
| ! | [ ¥ |
I I I I I [ I t I
I I | I I | I I I
I I I I I [ | BLANK LENGTH: |
] I | | | 0.30 ft ,
| I | | | | I
| | | [ S Ry t i
I I I I I

I 2 ¥ 1 !

I

I

1

Uy ENpR N A S O I
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WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB
1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 4/2/90
| 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN
2. LOCATION: Site LFOS | 11. ZONE OF COMPLETION:  Aquifer
3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH:  4.80 ft
4. WELL NO.: LFO05-14 | 13. MEAS. POINT ELEV.:  602.98 ft MSL
5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in
6. WELL TYPE CLASS: MOMITORING WELL ] 15. CASING MATERIAL: Schedule 40 PVC
7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 5.12 ft
8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1x2"x5.0’ Riser (-0.2’), 1x2"x10’ Screen (-1.83’), 1x2"x0.13 Bottom cap, 1 Locking top, Flush Mount
¥/ cast-iron vault-grouted.

TOP OF CASING

GROUND SURFACE

| I
] ]
t I I I | t
| I I | I I
] BACKFILL MATERIAL: ] ] | | ]
| Cement-Bentonite Grout | | | | |
| I | | | |
| \\| | [ IZ BOREHOLE DIAMETER: |
I N I N 8.000 in |
BOREHOLE | | | | |
DEPTH: | | | | |
13.30 ft | | | | |
| | | | | SEAL MATERIAL: |
| | | | | Bentonite |
| ] | | | |
| 1 I | I | I
| SEAL LENGTH: | | | | |
| 2.00 ft | | | | CASING DEPTH:
| | | | | | 13.15 ft
| ¥ ! | ] ] |
| t I I | | I
| I ! I | | I
| ! I |1 | I
I f | F— I 1 I
| I | | | I I
| I I I — | | I I
| I I I | I I
| | | | — | | SCREEN LENGTH: |
| I I | | 7.90 ft I
| FILTER PACK | | — | | | |
| LENGTH: ] R | } | )
| 8.50 fr | I — | | I I
| I I | | ¥ I
| I I | | | t I
I I | I | | i |
| | | | | | BLANK LENGTH: |
| I I I | | 0.13 ft I
I I I I I | I I
| I I 1 I ¥ ¥
I | I |
¥ ¥ ] |

FILTER PACK MATERIAL: 8-20 Silica Sand
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| WELL COMPLETION LOG | RADIAN CORPORATION INSTALLATION: CARSWELL AFB

| 1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB 9. INSTALLATION DATE: 3/21/90

10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

. LOCATION: Site LFOS 11. ZONE OF COMPLETION:  Aquifer

12. SEAL END DEPTH: 11.60 ft

2
3. INSTALLING CO.: Radian Corporation
4

| 5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in

. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: Schedule 40 PVC

16. SCREEN BEGIN. DEPTH: 13.90 ft

6
7. FORMATION OF COMPLETION:
8

]
]
]
]
|
. WELL NO.: LF05-18 | 13. MEAS. POINT ELEV.: 611.84 ft MSL
]
1
]
. LOCATION TYPE: WL ]

17. SCREEN SLOT SIZE: 0.02 in

FILTER PACK MATERIAL: 8-20 Silica Sand

|

il

1

i

1

1

1

L 1
‘ 1
L 1
| 18. REMARKS: |
I 1
| |
| TOP_OF CASING I
I I | I
I GROUND SURFACE 1 l |
I t I | | | t I
I I I | | | I I
| | BACKFILL MATERIAL: | | | | | |
| | Cement-Bentonite Grout | | | | | I
I | | | | | I I
| | —al | |/___ BOREWOLE DIAMETER: | |
| | N | I 8.000 in | |
| BOREHOLE | | | | I I
| DEPTH: | | | | | I
| 23.95 ft | | | | I I
| | | | SEAL MATERIAL: | |
| I | | Bentonite | |
| | | ] ] | I I
I | t | | | | I I
| | SEAL LENGTH: | | | | | I
| I 2.00 fr | | | | CASING DEPTH: |
| I I | | 23.95 ft |
I I ¥ I [ | |
I I t I I I I I I
| I | | I I I I I
I I I | || I I I
I I | I I — | I t I I
I I I | |— | | | I I
I I I I I — | I I I I
I I I I |—| I I I I
I I | | I — |  SCREEN LENGTH: | |
I | I | | I 9.7 ft | |
I I FILTERPACK | | __ | | | | |
I I LENGTH: | | | | | | |
I I 12.75 ft | I | | | | I
| I I I || I ¥ | I
| I I I I | I t I I
I I I I I I | I I I
| I | | | | | BLANK LENGTH: | |
I I I | | 0.30 ft | |
I I I I I I I | I I
| | | [ S S ¥ ' |
I I I I I I
I . 2 ¥ | | |
| |
| |
' 1
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[ WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB

| 1. PROJECT: IRP PHASE I1 STAGE 2, CARSWELL AFB 1 9. INSTALLATION DATE: 3/21/90

10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

]
| 2. LOCATION: Site LFOS | 11. ZONE OF COMPLETION:  Aquifer
| 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH:  8.15 ft
| 4. WELL NO.: LF05-19 | 13. MEAS. POINT ELEV.:  606.08 ft MsL
1 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER:  2.00 in
| 6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC
| 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 10.25 ft
| 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE:  0.02 in
| 18. REMARKS: Casing is actually 19.9’ but sits 0.4’ below Land surface; 1-107x24 Screen, 1-10’ Riser, 1-0.2’
] Bottom Trap, 1-Locking Cap
|
| TOP_OF CASING
| | |
| GROUND SURFACE ] ]
I t | I I I t
I | | | | I I
| | BACKFILL MATERIAL: | | | | |
| | Cement-Bentonite Grout | | | | |
| | | | | I I
| | Al | | |/_____ BOREHOLE DIAMETER: |
| | /| | | N 8.000 in |
| BOREHOLE | | | I I
| DEPTH: | | | | |
I 20.75 ft | I I | |
| | | | | | SEAL MATERIAL: |
| | | | | | Bentonite |
I I | l j — I
I | t I I I I I
| | SEAL LENGTH: | | | | |
| | 2.55 ft | | | | CASING DEPTH:
| | I | | | | 20.30 ft
! | ¥ | l j— I
| | t | | | | I
I | I | | | | I
| | I | | | I I
! | I | I — | I 1 I
I | I | I | | I
I | | | | — | | I
! | ! I ] | | I
| | | | | — | | SCREEN LENGTH: |
| | I I | | 9.75 ft I
| | FILTER PACK | I — -] | | |
| | LENGTH: | R | | I
! | 12.60 fr | I — | I I
I | I I | | | ¥ |
I | | | | | | t I
I | | | | | | | |
] | | | | | | BLANK LENGTH: |
I I I | I | I 0.30 ft I
I I I I I | I I I
I | | |1 | ¥ ¥
| | ! | |
| 4 ¥y ] |
|
| FILTER PACK MATERIAL: 8-20 Silica Sand
|

———— — — — — — — — — —— — — — — —— — e — e e e e e o e
e . . o e e . —— —— —— —— —— — — — — — — — — — —
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APPENDIX C
Well Development Information

(Previous Well Development Information may be found in
CH2M Hill (1984), Radian (1986), and Radian (1989))
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APPENDIX D
Water Quality Sampling Records

(Previous Water Quality Sampling Records may be found in
CH2M Hill (1984), Radian (1986), and Radian (1989))
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GROUND WATER QUALITY SAMPLING HECORDG 4 264

PAGE 1 OF 2
INSTALLATION ID (5 L0GDATE L= %0 LOG TIME {230
LOCATION ID £22Z -2/ LOT CONTROL NO.
SAMPLE TYPE ALEA/S %4750 SAMPLE ID SAMPLE DEPTH (FT) X4 87
‘ — T Do BE I iTE]) -
INITIAL GROUNDWATER DEPTH (FT) _ZZ2%5 Zie. A5 01F > 205.3 = 4.09, #PE 3
SAMPLING PERIOD: sngr VWU COMPLETE /1
SAMPLING METHOD LOGGER COOE —Zsov/
LAB CODE /4o . DATE SENT Z-Z5-%0
PRESERVATION METHOO_ L 25 AV 4 7673Ls
COMMENTS ‘
FINAL PARAMETER MEASUREMENTS: DETLfngr'W
POTENTIAL OF HYDROGEN pH s.u. £ L8 L0/
SPECIFIC CONDUCTANCE sC umhos/cm ZZ /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C 2/
ALKALINITY (CaCOg3) ALK mg/l -
FUIE S AL = 0 A
TOTHL conFre TECEY ALk = S48 "(% TOTAL  FriThesd A = 3444 Y
| TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |umnosscm| (g COMMENTS
(GALS) ilon Volumes)
oz 0.0 0.0 - - - START PUMPING
V429 27 L.5/ G6p NP0 F | Ochest /(5 uvres ahos. 7ewbs)
gopl 2.0 687\ L0 \#'F
Vi Z 3.0 ¢ISH 54 | A v
vospl 4.0 AN S 7
o130l S0 | 1Y YA 7Y = v
| (2243 Z0 6P 762 A5 Z
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D - DUPUCATE F8 - FELD BLANK G- GRAB SP - SUBMERSIBLE PUMP
R - REPUCATE TB - TRIP BLANK B - BALER AL - AIR-UFT SAMPL-ER
S- SPKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K - KNOWN N - NORMAL SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD €4 265

PAGE 1 OF 2

INSTALLATION ID _57V4__ LOG DATE 2770 LOG TIME __/Z2Z

LOCATION 1D 2524/ - 22 LOT CONTROL NO.

SAMPLE TYPE v SAMPLE ID SAMPLE DEFTH (FT)

TO7. DECIH = 4G 46 (7 C( SouAUES) S

INITIAL GROUNDWATER DEPTH (FT) 242 /g 2372, vy = 3 22
SAMPLING PERIOD: snrg S COMPLETE _4@@

SAMPLING METHOD LOGGER CODE K22

LAB CODE ___LAd ¥ DATE SENT . -2 0
PRESERVATION METHOO___ 7L Ay — AT
COMMENTS 0///‘/ APl L ECTE) #1‘4 e/, Ué W/{

FINAL PARAMETER MEASUREMENTS: OE !wecnx i
POTENTIAL OF HYDROGEN pPH  S.U. NI 22
SPECIFIC CONDUCTANCE SC umhos/cm 5355 /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCOgy * ALK  mg/t -
THen. ALk = O _ —
TOTH awtrrrid Ak= <2 e TOTAL Fro7etéd #2/c :‘éﬂ/
4 TOTAL VOLUME sc —_—
TEMP.
TIME WITHDRAWN PH |iumnossem| (o) COMMENTS
(GALS) [Bore Volumesh
ey 0.0 0.0 - - - START PUMPING
Jr) 2.0 5. 75 ©“Y3 ;Ra"};i LT SIRORCNS S o1 pfTLS Tttt [
/sty /5 &.7% 23% |7 s°A i
2 Y o\ B3 Vs
Viaidl WA ¢o3\ 23/ Vosr ’
250 S0 |. 53 Zr0 |\z.7A >
/s b Z.0 6.86 £33 Vo~ L1057 LA
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
0- DUPLUICATE F8 - FELD BLANK G - GRAB SP - SUBMERSIBLE PUMP
R- REPLICATE TE - TRP BLANK B - BAILER AL =  AIRUFT SAMPLER
S - SPIKE LB « LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP

K-  KNOWN N- NORMAL [ , SL- SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD €4 266
PAGE 1 OF 2

INSTALLATION ID _CS2Y< _ LOG DATE “{//7”7/¢0 LOGTIME 7S5 2
LOCATION ID ___LA07 0%~ LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) <~«3 A7z~

INITIAL GROUNDWATER DEPTH (FT) _/Z Y3 (rvc) h= 10.07" 3v-$.14gal

SAMPLING PERIOD: START 72020 COMPLETE /732,
SAMPLING METHOD A LOGGER CODE 29
LAB CODE 00/ DATE SENT 2L /90
PRESERVATION METHOO_ 7 & . /105 11/ slezacs .
COMMENTS R

AW =/ ‘ Byl
FINAL PARAMETER MEASUREMENTS: ;7 5:_5ﬂﬁ/& e DELESEON
POTENTIAL OF HYDROGEN pH s.u. 4 BZ p. 0/
SPECIFIC CONDUCTANCE SC  umhos/cm 777 /
REDOX POTENTIAL Eh mvolits gl
TEMPERATURE TEMP °C /6.6 2/
ALKALINITY (CaCO4) ALK  mg/l

nolprehale;n (P) Alldelinite = Do)
Cte) Do) ity = SHP e sp = 597 TN (352 LurEeso)

TOTAL VOLUME sc
; TEMP,
TIME wrruomwn@ PH |(umnossem | (vc) COMMENTS
(GALS) [Bore Volumes

§.2% 0.0 0.0 - - - START PUMPING
Y 53 2 //F et 790 8.5 | Otctrat Fan - crnod Futdid
g \do L 7.34 V46 45 /8. 7 : -

3| 55 3.2Z \epZ)\ 777 s | '
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
O - DUPLICATE FB - FIELD BLANK G- GRAB - SP - SUBMERSIBLE PUMP
R. REPUCATE TB - TRIP BLANK B - BAILER AL -  AR-UFT SAMPLER
S - SPIKE LB - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP
K- KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-5




GROUND WATER QUALITY SAMPLING RECORD g4 26/

PAGE 1 OF 2
INSTALLATION 1D _ 5% L0G DATE 2L 2470 \ocTME (/&

LOCATION ID 427 /& LOT CONTROL NO.

SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) _2/¥8 B7¢-

INITIAL GROUNDWATER DEPTH (FT) _3/; yg (70¢) 11,12 %)7 = 2.9 gpf X557

SAMPLING PERIOD: START Y COMPLETE __ /<~
SAMPLING METHOD LOGGER CODE {72~/
LAB CODE ‘/ DATE SENT A 7Y
PRESERVATION METHOO__ 72 & | s [ pfc 2) niral STrhe s _
COMMENTS
FINAL PARAMETER MEASUREMENTS: DELEMCT'"Q'
POTENTIAL OF HYDROGEN pH s.U. .06 2. o/
SPECIFIC CONDUCTANCE SC umhos/cm gso /
REDOX POTENTIAL Eh mvolts - -
TEMPERATURE TEMP °C /77 2/
ALKALINITY (CaCO3) ALK  mg/l °
Pheno?*ho‘em (P) AMkalia 4'/ - 09 .
|Q+G| qlk'(lm.‘fy nan- :Ho«n& = 370 "“‘3/\. \:(H‘QI‘PJ 336 ’“9/1_
TOTAL VOLUME sc It |
EMP|
TIME w:mnmw»@,«,z%) PH |iumnossemi | (o) COMMENTS
{GALS) [8ore Volumes
0.25 0.0 0.0 - - - START PUMPING
034 2.0 067 V5951 766 V/8.5| pesoe loale. dlzat e 124
P4 B .
DS AP /37 S BeF | /8.5 | vrowe fbronin S5/ ghrty tarrh o |
s Zp 2 52| 820 /24 o |
ol Bo 2725 o/ BYo /728 r
pof 79 307 \eow| B5O \/77| Lant #29, Slapry fackia |
!
|
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE) )
D-. DUPLUICATE F8 - FIELD BLANK G - GRAB SP - SUBMERSIBLE PUMP
R - REPLICATE TB - TRIP BLANK B - BAILER AL - AIR-LIFT SAMPLER
S - SPIKE LB - LAB BLANX PP - PERISTALIC PUMP BP - BLADDER PUMP
K - KNOWN N - NORMAL SL - SUCTION LIFT PUMP

D-6 - -—




GROUND WATER QUALITY SAMPLING RECORD €4 268

INSTAUATIONID S~ | 0G DATE S/ 7/ 72

PAGE 1 OF 2

LOG TIME

LOCATION ID LIPS - L

SAMPLE TYPE A/ SAMPLE iD

/$SH0

LOT CONTROL NO.
SAMPLE DEPTH (FT) £.70 A7C

INITIAL GROUNDWATER DEPTH (FT) 2= B0 87

7D 22 ES T ¢ Sen LD,

z‘f‘b‘/ja/ Z B wirher s o

SAMPLING remo:r STAR /1- (S L COMPLETE __/Ll0 =™
SAMPLING MET LOGGER CODE L2204/

LAB CODE M DATE SENT _3/Z27 %0
PRESERVATION METHOO__<£ <. s = 7 Zeztes

COMMENTS

FINAL PARAMETER MEASUREMENTS: OE ‘UEMCW’ ot
POTENTIAL OF HYDROGEN pH S.u. L ﬂ, 20/
SPECIFIC CONDUCTANCE sC umhos/cm L& /
REDOX POTENTIAL Eh mvolits — —
TEMPERATURE TEMP °C 2./
ALKALINITY (cacoax ALK mg/t -

UV Bere = 5O

TOTHC tynEregBrtbd Arse = 285 TOTHL 7By Arre = 28

| TOTAL VOLUME po
TEMP,
TIME{ WITHDRAWN PH |umnossem| (og; COMMENTS
(GALS) [Bore Voiumes)
s72; | 0.0 0.0 - - - START PUMPING
/535 S £9% L77 Nt 5 7 TV siiewre o T ZBr /)
43 M 7 ¢77| oo 16584 %
/537 5.0 iia B AR 1Ay, 2 “
74 2L A B s 8% “
s B etel  ¢ef ook 2
sys| 2o — — =l R
SAMPLES TYPES (WSACODE) SAMPLE METHODS: (WSMCODE)
D - DUPUCATE F8 - FIELD BLANK G- GRAS" SP - SUBMERSIBLE PUMP
R.- REPUCATE T8 - TRIP BLANK B- BALER AL -  AR-UFT SAMPLER
S+ SPKE L8 - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP
K- KNOWN N < NORMAL SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD ¢4 2¢9

INSTALLATION ID _C5 404 oG DATE 5 /2/ %0

LOCATION ID

S Foof - LA

SAMPLE TYPE AN Z LS SAMPLEID

LOG TIME
LOT CONTROL NO.

PAGE t OF ¢

388

SAMPLE DEPTH (FT) /542 57

INITIAL GROUNDWATER DEPTH (FT)

SAMPLING PERIOD: STA%
oD

SAMPLING MET

LAB CODE

/S8 02 Bre

142

Ao/

PRESERVATION METHOD.__Z ¢ #n/m //g,

COMMENTS

YR eRvPY. 'chgsawo/;—r))
&3/74/:5%:4 cas-ry i/

COMPLETE /750 (W)

LOGGER CODE 22/
DATE SENT 5%/ %0

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN

SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE

ALKALINITY (CaCOy)
FHE Bpse = o.C

TorAz e FresBapd Bz = 52

pH S.uU.

SC umhos/cm
Eh mvoits
TEMP °c

ALK mg/l -

DETECTU

o umrr
.74 2N
253 /

——

TOTH T Bl B L. = 286 Ty

TOTAL VOLUME sc
TEMP
TIME|  WITHDRAWN PH |iumnossemi| (oc) COMMENTS
(GALS) Bore Volumes)
/PP 0.0 0.0 - - START PUMPING
Ry, LS G5O léo% Kbt Lowo
st | 20 22\ cr2 yzA - ]
/4 N LA S53% 145, i
A e, .72 S Z) Vb OR Arrtwsr cebtrt. Spspitrzyy (e
24 N 72\ 577 le3rsk -
y072) A0 A 532 2304 -
L oMest Biasy _
/455 £:22\  no)  B2SH CiEPr.
vorac\ s =\p o V24
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCCDE) )
D- DUPUCATE  FB- FELD BLANK G- GRAB" SP - SUBMERSIBLE PUMP
R- REPUCATE T8 - TRP BLANK 8- BALER AL - AIR-UFT SAMPLER
S- SPKE LB - LAB BLANK PP . PERISTALIC PUMP 8P - BLADOER PUMP
K- KNOWN N- NORMAL SL - SUCTION LFT PUMP



GROUND WATER QUALITY SAMPLING RECORD €4 270

PAGE 1 OF 2
INSTALLATION ID (S22 | OGDATE —Z-2%-70 _ LOGTIME (022
LOCATION 1D 4227 —7& LOT CONTROL NO.
SAMPLE TYPE 7V SAMPLE ID SAMPLE DEPTH (FT) L0 27
TSI
INITIAL GROUNDWATER DEPTH (FT) (22 272 oy A At
SAMPLING PERIOD: sn%*r /532 COMPLETE . /55<
SAMPLING METHOD < LOGGER CODE 42
LAB CODE ’ : DATE SENT Y2572
PRESERVATION METHOO_Z &, Sty — Me 7S
COMMENTS ‘
FINAL PARAMETER MEASUREMENTS: DEE:;"N
POTENTIAL OF HYDROGEN pH s.u. _ LAY 2.0/
SPECIFIC CONDUCTANCE sC amhos/cm 26 %
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C L
ALKALINITY (CaCOg4) ALK mg/l -
e Are =0 .
TOTHE petFrizEned Aei = 523 T, T Friihadd Ak = ¥4S7 ‘%
| TOTAL VOLUME SC |
TEMP.
TIME WITHDRAWN PH |umnossem| (oey COMMENTS |
(GALS) [Bore Volumes)
520 0.0 0.0 - - - START PUMPING
/822 /.0 Via /1Y g\  nnTER CiEar
/824 2.0 .3 /282 &G L7 Brtomiss Sesgrrir Tod 5D
y524| 3.0 633 257 |sgsA v
/525 oz 4351 263 |ezom ”
G301 S0 |- 63 /763 |67 A %
/533 6.0 &5 /26 4757 otrvet/btomn scoenresr Liowas
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D- DUPLICATE FB - FIELD BLANK G - GRAB - SP - SUBMERSIBLE PUMP
R- REPUCATE TB - TRIP BLANK 8- BALER AL -  AIR-UFT SAMPLER
S-. SPIKE LB - LAB BLANK PP . PERISTALIC PUMP B8P - BLADDER PUMP
K- KNOWN N - NORMAL SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD¢cq4 271

PAGE 1 OF 2
INSTALLATION ID 2502 LOG DATE S~ (F /D LOG TIME _/ 230
LOCATION 10 L= A2 LOT CONTROL NO.
SAMPLETYPE _A/ 7 A/>. SAMPLEID SAMPLE DEPTH (FT) Z-25 /&
- 0= 2777 B { spun OV
INITIAL GROUNDWATER DEPTH (FT) _LZ58 iz Sl gt = owwafwfv woth
SAMPLING PERIOD: START -/ 207" COMPLETE 22/ .
SAMPLING METHOD 2 LOGGER COOE 204
LAB CODE __ K224 DATE SENT _2/Z4%
PRESERVATION METHOO__ "¢ g - 7= Zzzes
COMMENTS
FINAL PARAMETER MEASUREMENTS: DE’UMECF' 1c
POTENTIAL OF HYDROGEN pH S.uU. &L/ gL
SPECIFIC CONDUCTANCE sC umhos/cm oo /
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °C 2.
ALKALINITY (CaCOg) ' ALK  mg/l -
P/ Bere= O ;
TOPht jr ot TERLl I = qu Vi A '77/,4
_ TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH | iumnossem| (oc) COMMENTS
(GALS) l'oro Volumesi)

7l 0.0 0.0 - - - START PUMPING

ool s 677 | S N\ it

// Z.5 Gyl B Vhp A O Baree swarizy T

SuS|  Sp Bs” \ar |47 vt Brap e

5| Sy 2 R LR VA /v

oA o | ¢/ B3 grsa Z

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

D- DUPUCATE FB8 . FELD BLANK G- GRAS - SP . SUBMERSIBLE PUMP

R - REPUCATE TE . TRIP BLANK B - BAILER Al - AIR-UFT SAMPLER

S-. SPIXE LB - LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP

K - KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-10



GROUND WATER QUALITY SAMPLING RECORD €4 272

INSTALLATION ID _Z52Z _ LOG DATE 5.2 vk

LOCATION ID __ L0 -

PAGE t OF 2

LOG TIME [PAT

LOT CONTROL NO.

SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) _Z.3/ 372
R — -4z &C LSondid
INITIAL GROUNDWATER DEPTH (FT) LY 57 #8770/ 0 50hes crg ctrin
SAMPLING PERIOD: sul}g & COMPLETE _ /27
SAMPLING METHOD LOGGER CODE _L22/
LAB CODE 224 . DATE SENT 7z
PRESERVATION METHOD__Z “<— - g Lerres
COMMENTS
FINAL PARAMETER MEASUREMENTS: °Effgg‘
POTENTIAL OF HYDROGEN pH S.u. £ 7S Y4
SPECIFIC CONDUCTANCE sC umhos/cm 784 /
REDOX POTENTIAL Eh mvolits — —
TEMPERATURE TEMP °C 2%
ALKALINITY (CaCOg) ALK  mg/l -

Jrreat Acse = O
TOTAL y b7 Zpe) Azic = 357 M7/4

Ter Pz ﬁ/ﬁ?ﬂgorﬁz)/ = 339 “T

. TOTAL VOLUME
TIME|  WITHDRAWN PH | rem) Keiot COMMENTS
({GALS) [Bore Volumes)
p5 | 0.0 0.0 - - - START PUMPING
74 /0 G TL o Al femos—ceone svwrir crovns
Y7424 Z._b/ VA |=é ?fﬁé W\SA’A p
Zaers 670l 7oz s »
ZZA RN 751 7B Vess ‘
SAMPLES TYPES: (WSACCDE) SAMPLE METHODS: (WSMCODE)
D - OUPUCATE F8 - FIELD BLANK G- GRAB - SP - SUBMERSISBLE PUMP
R- REPUCATE TB . TRP BLANK B- BALER AL -  AR-UFT SAMPLER
S-. SPIXE LB - LAB BLANK PP . PERISTALIC PUMP B8P - BLADDER PUMP
K- KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-11



GROUND WATER QUALITY SAMPLING RECORD €4 273
PAGE 1 OF 2
INSTALLATION ID (2524 LOG DATE 2 /7o LOG TIME 274
LOCATION ID oz A e LOT CONTROL NO.
SAMPLE TYPE Y/ SAMPLE ID SAMPLE DEPTH (FT) 2. 94 B7°
o T Do 3 B (30w IES)
INTIAL GROUNDWATER DEPTH (FT) _Ze7¢ [ize 2t B atoryet s g
SAMPLING rzmon- STA J/T Se27 2 COMPLETE _/225_
SAMPLING MET LOGGER CODE L2z
LAB CODE 444/ DATE SENT S/ %>
PRESERVATION METHOD_Z~ ///Mﬂl -—Wéf/?z <
COMMENTS
FINAL PARAMETER MEASUREMENTS: DEch;c_’
POTENTIAL OF HYDROGEN pH S.U. ﬁj- 2o yrZ2
SPECIFIC CONDUCTANCE sC umhos/cm 50 /
AEDOX POTENTIAL Eh mvolits — —
TEMPERATURE TEMP °C /0 /
ALKALINITY (CaCOg) ALK mg/l -
FHEN. AL = p “
T wisrririced = 457 VT Torr o] Agix = A4S Y
. TOTAL VOLUME sc
TEMP
TIME WITHDRAWN PH |iumnossem | (oa) COMMENTS
(GALS) Bore Volumesi ‘
57 0.0 0.0 - - - START PUMPING
55| 1P L7286 %22 \gpsiA o g siiae Cooy
59 2.p / Fo5~ 72 ”
20 S 5 {- gy gaz, fso y= ”
gl S0 45 vt Yz
op |l &p suo\ B0 WPSA LT TR Seswmyg  Tans).
SAMPLES TYPES: (WSACOOE) SAMPLE METHODS: (WSMCODE)
D- DUPLICATE F8 - FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMP
R - REPUCATE TB - TRIP BLANK B. BALER AL - AR-UFT SAMPLER
S - SPIKE L8 « LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP
K - KNOWN N - NORMAL D-12 SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD €4 2774

PAGE 1t OF 2

INSTALLATION ID _ 344 LOGDATE L7 ~70  \OGTIME L0
LOCATION 1D VA ol A LOT CONTROL NO.
SAMPLE TYPE 2/ SAMPLE ID SAMPLE DEPTH (FT) 2428 572

74 = j ; B7E ( SwwrPiy

INITIAL GROUNDWATER DEPTH (FT) 4% 52 FiZ 072155 32455 0 pury
SAMPLING PERIOD: START 2744 COMPLETE _/&
SAMPLING ME /-n M/n LOGGER CODE Bon
LAB CODE DATE SENT 27750
PRESERVATION METHOO__7 "<, flasoy - apimme s
COMMENTS Vs [Loii £CTEY p7 LATEL [RTE
FINAL PARAMETER MEASUREMENTS: °E‘§§'¥°"
POTENTIAL OF HYDROGEN pH s.U. &6 7% 2o/
SPECIFIC CONDUCTANCE sC umhos/cm i /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP °C 0./
ALKALINITY (CaCOg) ALK  mg/1 -
W AL = o ,
TTHL (ot Fr7ldsxd Gl = 4 3P “’% Toras [HFerErEd Bpie = ~,z, "?/é,
v TOTAL VOLUME sc EMP
TIME WITHDRAWN PH |iumnossem | (ogy COMMENTS
(GALS) Bore Volumes)
9251 0.0 0.0 - - - START PUMPING
Vidda R 652 Bz6 b0 Armiosr 2esnk sicewmir Frovor
L2755 20 L.GZ)  BYZ  NGEF N 47 Blpa, Sciowrzs  TadS.)
0935 97 éﬁﬁ/ Oz b0 ¥ ”
s s77| 24 lsA Z
Vsl A 497 BFZ 475 %
o775\ S0 2.78 B4S 675°A o
SAMPLES TYPES: (WSACODE) Wusm'oos;(wsucona
D- DUPUCATE FB - FIELD BLANK G- GRAB:- SP - SUBMERSIBLE PUMP
R - REPUCATE TB - TRIP BLANK 8- BALER AL -  AIR-UFT SAMPLER
S- SPKE L8 - LAB BLANK PP - PERISTALC PUMP BP - BLADDER PUMP
K- KNOWN N - NORMAL D-13 SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

LOCATION 10 _LE0% =44

SAMPLE TYPE

SAMPLING PERIOD: START
SAMPLING MET
LAB CODE

€4 275
PAGE 1 OF 2
INSTALLATIONID _S/L  LOG DATE YL 770 LOG TIME /270
LOT CONTROL NO.
SAMPLE ID SAMPLE DEPTH (FT)
. 7 » B -
INITIAL GROUNDWATER DEPTH (FT) _L2ZZ 7L T P 3 oty e
LR COMPLETE 2 7
oo 5 LOGGER CODE L2204,
das DATE SENT ¥27-22

PRESERVATION METHOO_ "L ey — Aferae ¢
COMMENTS _ O/ P Loctecstn A7 JATEL [ NTE

DETECTILN

FINAL PARAMETER MEASUREMENTS: UM
POTENTIAL OF HYDROGEN pH s.u. £77 o
SPECIFIC CONDUCTANCE sc umhos/cm 28 /
REDOX POTENTIAL Eh mvoits — ,
TEMPERATURE TEMP °C Iz
ALKALINITY (CaCOg) ALK  mg/l -
TAtw Az = O
TP7h ot fre7Eided Ak = BTN Torae FrrBArd e = 37/
, TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |iumnosscmi| (ocy COMMENTS
(GALS) Bore Volumes)

351 0.0 6.0 - - - START PUMPING

/037 7 éﬂ?‘ 557 NbooA Acersr ppene

Vad 2.0 A LBZ Nbp.0A iz TS

s | 3.8 A 545 s G

S <5 4.2 BE¥# oo d | doreers .o ainE?

s 2 IH P77 Ve s st ceess

75V F0 459V GA5 Wssoq Y oy £T

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE) -

D- DUPUICATE FB - FIELD BLANK G- GRAB ° SP . SUBMERSIBLE PUMP

R- RAEPLCATE TB - TRIP BLANK B- BALER AL -  AR-UFT SAMPLER

S- SPIXKE LB - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP

K - KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-14

——



GROUND WATER QUALITY SAMPLING RECORD €4 276

PAGE 1 OF 2
- » .
INSTALLATION 1D _£54/2_ 10G DATE 2242 70 106G TME _L422
LOCATION 1D _£/25 ~2/ LOT CONTROL NO.
sAMPLE TYPe /£ D SAMPLE ID SAMPLE DEFTH (FT) £Z25 872
— . :)—Tajmfc(.ﬁ:yooé/)"/ 3. 2 /7= g P
INITIAL GROUNDWATER DEPTH (FT) (225 572 135 R B Al

SAMPLING PERIOD: srirg <427 COMPLETE /%
SAMPLING METHOD LOGGER CODE ‘
LAB CODE A2~ DATE SENT _7-& 70

PRESERVATION METHOO__7 << ¢ 64/@ ~ N7 S

COMMENTS
FINAL PARAMETER MEASUREMENTS: °ELE§;°
POTENTIAL OF HYDROGEN pH s.u. _&.57 2.
SPECIFIC CONDUCTANCE sc umhos/cm (282 /
REDOX POTENTIAL Eh mvolts — —
TEMPERATURE TEMP °C 724
ALKALINITY (CaCOg) " ALK mg/l -
HEY . RelC = 0 _
ToTH#L aRFreTERED BLY = B3y '"% TITAL FreTEetkEd ALK = 389
, TOTAL VOLUME sc  frewp
J
TIME WITHDRAWN oM |umnossem | (ocy COMMENTS
(GALS) Bore Yolumes)
,v09) 0.0 0.0 - - - START PUMPING
r77/ D &7 /6545 V62S°A K. Rt vEry 78,0
gl 25 AN~V iva ~
s | 3 L8zl seos oA «
Wiz o8 555 /8520 8254 ’/
200 S0 |, 13470 | 695K 50 Btonv 400, 70 vty 7
/423 6.0 AR R VLY. -
/#25| A0 287 /322 4554 p
152 7 5.0 ag 1260 V4625A i
1528\ 20 g7\ 1280 V48 E v
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D. DUPLICATE FB - FED BLANK G - GRAS SP - SUBMERSIBLE PUMP
R. REPUCATE TB - TRIP BLANK B- BARER AL -  AIR-UFT SAMPLER
S-. SPIKE LB « LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP

K- KNOWN N- NORMAL p-15 SL- SUCTION LFT PUMP



€1 277

PAGE t OF 2

GROUND WATER QUALITY SAMPLING RECORD

INSTALLATION 1D _£5-V% _ LOGDATE 222570 oaTMe /230
LOCATION ID 2228 ~ZZ LOT CONTROL NO.
SAMPLE TYPE ___#/ SAMPLE ID SAMPLE DEPTH (FT) 2270 &~
, /e »&f/’??' € C>uwnAdEd)
INITIAL GROUNDWATER DEPTH (FT) LZ.22 S 2SO 212633785 7
SAMPLING PERIOD: START L322 COMPLETE __ /%7
SAMPLING METHOD, LOGGER COOE L2201
LAB CODE L4204 / DATE SENT 22570
PRESERVATION METHOO_ 2L /41 TS
COMMENTS
FINAL PARAMETER MEASUREMENTS: o
POTENTIAL OF HYDROGEN pH  S.U. &L/ e
SPECIFIC CONDUCTANCE SC umhos/cm 1250 /
REDOX POTENTIAL Eh mvolts — i
TEMPERATURE TEMP °C 2.
ALKALINITY (CaCOy) " ALK mg/l -
e Ale = O .
TOMAL wniFrTEtEd R = YR Tprpy FrurElE) Aew =HFL Y
_ TOTAL VOLUME o
TEMP.
TIME WITHDRAWN PH |(umnosrem] (o COMMENTS
(GALS) Bore Volumes) .
27| o0 0.0 - - - START PUMPING
sl A, .sS1 /Z50 N Bewrosr colre?, JRane 7o
/75 2. 659\ 1260 |6$5F %
(o] S 663\ __szs ¥ |68°F %
/300 ~ 0 é.éﬂ 1Z50 |625A ”’
SAMPLES TYPES: (WBACODE) SAMPLE METHODS: (WSMCODE)
D- DUPLICATE F8 - FELD BLANK G- GRASB - SP - SUBMERSIBLE PUMP
R- REPUCATE TB - TRP BLANK B- BAILER AL -  AIR-UFT SAMPLER
S- SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP

K- KNOWN N- NORMAL p_14 SL- SUCTION LFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

rafid 228
INSTALLATION 1D _Z34%_ LoG DATE _ 7. fﬁ/ 70 __ \0GTME __ L0
LOCATION 1D _ LA P8 /4 LOT CONTROL NO.
SAMPLE TYPE i SAMPLE ID SAMPLE DEPTH (FT) 292 (37¢
287 - W Or P —
INITIAL GROUNDWATER DEPTH (FT) _2.728 Z7¢ Qb x3 277 *'/3'&,%52’
SAMPLING PERIOD: sna;;r 2B < COMPLETE 2%
SAMPLING ME LOGGER CODE _A#24/
LAB CODE /M - DATE SENT J L
PRESERVATION METHOO__ ¥ °C~ 4t 0s — #/erass
COMMENTS
FINAL PARAMETER MEASUREMENTS: DETUESEION
POTENTIAL OF HYDROGEN pH S.u. é &> WZN24
SPECIFIC CONDUGCTANCE sC umhos/cm 760 /
REDOX POTENTIAL Eh mvolits —
TEMPERATURE TEMP °c 2./
ALKALINITY (CaCO3) ALK  mg/l -
Phenspihalein ) Atlabndy = C C ma/L .
Taal  Akalird, sl dered 1212 Ma/L Tildeed = 299 mag/L
TOTAL VOLUME sc n
EMP
TIME WITHDRAWN PH |iumnossem| (oc) COMMENTS
(GALS) Bore Volumes)
o8fo 0.0 0.0 - - - START PUMPING
o8Y< /.0 /5D bsY| 980 é/o; LY. oBage - 1*o mod. trrh,d
08¢l 2.0 205 ledl) 9o /S ”
0952 3.0 <55 16.63] 960 |6).€ ”
Vi g 3.5 ;5/ — — - E/)ﬂ/,p‘/ﬁ(g:_
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D- DUPUCATE FB - FIELD BLANK G - GRAB - SP . SUBMERSIBLE PUMP
R . REPLICATE T8 - TRIP BLANK B - BARLER AL -  AIR-LIFT SAMPLER
S- SPIKE LB - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP

K - KNOWN N - NORMAL SL - SUCTION UFT PUMP
D-17



GROUND WATER QUALITY SAMPLING RECORD

€4 279
PAGE 1 OF 2
INSTALLATION 1D ._(.’/i“i_ LOG DATE LU/ % Lo TME ___/AKL
LOCATION ID £ —/2 LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) 22/ B77-
Y. ozesflbre 737 -,8.7/ =&,
INITIAL GROUNDWATER DEPTH (FT) _ 22 Z7¢C. gyf,fff,a%ﬁ:
SAMPLING PERIOD: START 2272 COMPLETE
SAMPLING METHOD A LOGGER CODE —__/42¢/

LAS CODE L7z DATE SENT L 7/70
PRESERVATION METHOD__ 22 A0 //‘7’/ <2) my7) MeTALS

COMMENTS

Ve, ETEL Sl = /P20 O7C

FINAL PARAMETER MEASUREMENTS: DELESQW
POTENTIAL OF HYDROGEN pH s.uU. .4 2 O/
SPECIFIC CONDUCTANCE SC umhos/cm 722 /
REDOX POTENTIAL Eh mvolits —
TEMPERATURE TEMP °C /8.5 2./
ALKALINITY (CaCO3) ALK  mg/l -
Fhenc P‘“’N:lt\-\ L+ 9.0 _
Total olkatin Ry yad Hreed 500 myyL toldered = 343% /L .
TOTAL VOLUME sc T EMP |
TIME WITHORAWNYZL Do |iumnosrem | (g COMMENTS
(GALS) [ Bore Molumses '
0.0 0.0 - - - START PUMPING |
ldt 58 \ -Q /d?- (94‘8 C\(OO IE’ 6 Jmﬂmw" 'Dl”n /Ny )(’UYB.I(X

wee | 20 74 le86| 900 8 5 X “ |

1506 | 3.0 22, loak| 870 \8.5 " )

151 4 Q <29 leae | A2¢ 8.5 ¥ Y ]
|
|
|

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

D- DUPUCATE F8 - FIELD BLANK G- GRAB - SP . SUBMERSIBLE PUMP

R - REPLUCATE T8 - TRIP BLANK B- BARLER AL - AIR-LIFT SAMPLER

S - SPIKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP

K - KNOWN N - NORMAL SL - SUCTION LIFT PUMP

D-18 - ——




GROUND WATER QUALITY SAMPLING RECORD

€4 280
PAGE 1 OF 2
INSTALLATION ID _ZS4/L_  LOG DATE <, 7/ e LOG TIME /3/0
LOCATION ID LFos —/F LOT CONTROL NO.
SAMPLE TYPE & SAMPLE ID SAMPLE DEPTH (FT) L2277z
— ;;Z’//_’ﬁ7 % =
INITIAL GROUNDWATER DEPTH (FT) L 27 272 ,9/5/; ,f’*,g’
SAMPLING PERIOD: START /352 COMPLETE AP
SAMPLING METHOD A LOGGER CODE —__ £#94/
LAB CODE on/ p )ons SENT <7//er¢//
PRESERVATION METHOO__2Z. PPy P// <Z) pr ¥ e’
COMMENTS
Eoant st DEOTH =/2.88 B7e
FINAL PARAMETER MEASUREMENTS: DELESPrON
POTENTIAL OF HYDROGEN PH  S.U. L. 5 2.0/
SPECIFIC CONDUCTANCE sC umhos/cm Z3p /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C .2 2/
ALKALINITY (CaCO3 ALK  mg/l -
FRLEN AP yripmeen’ = L0
7oA = Y5 MY, Cvon-FrorEac sy ) st £d = 370
TOTAL VOLUME sc n
~ 4 EMP.
TIME WITHDRAWN/ZEZA DH |umnasscm| oy COMMENTS
(GALS) im Voiumes
b 0.0 0.0 - - - START PUMPING
/327 /S 127 1474 BSO | /B At /Prinn, Mot —vlscr T
33/, 2. 275 \gBA s | /ES| szenie fronn oo Toes o
335 SO 378 484 30 /4y ”
>y S | 326 | — )| — |—— /
SAMPLES TYPES: (WSACODE) mumbn&twsuconﬂ
D - DUPUICATE FB - FIELD BLANK G- GRAB - SP . SUBMERSIBLE PUMP
R- REPUCATE  TB- TRIP BLANK 8- BALER AL - AIR-UFT SAMPLER
S - SPIKE LB - LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP
K - KNOWN N - NORMAL SL - SUCTION LIFT PUMP

~D-19 - -




GROUND WATER QUALITY SAMPLING RECORD €4 281

PAGE 1 OF 2
INSTALLATION 1D _ 5244 LOG DATE S/ 72 LOG TIME 320
LOCATIONID 425~ S4 LOT CONTROL NO.
SAMPLE TYPE ___ A/ SAMPLE ID SAMPLE DEPTH (FT) £<. %5 %77
” _ 7 0 = 3062 Bie Lapmiiia
INITIAL GROUNDWATER DEPTH (FY) __ZZ. 3% 470 SISl = B meriei] S
SAMPLING PERIOD: START /77 COMPLETE ,__/7/3 )
SAMPLING METHOD LOGGER CODE

LAB CODE

PRESERVATION METHOO_Z -0 A, — AJE7orES

DATE SENT S 7 -7°

COMMENTS
FINAL PARAMETER MEASUREMENTS: DELESEU’
POTENTIAL OF HYDROGEN PH  S.U. 675 £c
SPECIFIC CONDUCTANCE sc umhos/cm Lot /
REDOX POTENTIAL Eh mvolts - —
TEMPERATURE TEMP il o L2/
ALKALINITY (CaCOg) ALK mg/ -
FHEY. AL = ’ -
TOAL Lon/Fri7Eeid ALl = 338 TBIAC FrciELES AL = 335
. TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |iumnossem| (o COMMENTS
{GALS) Bore Voiumes
s3cp| 0.0 0.0 - - - START PUMPING
(352 /¢ c.70| Bt Vb49R sl /B ppnd oo, TEB
/85| Z.o b7 BT VetoA Oenctr [3aniic  Sciawry — o0
354 3.0 673 87t \teor 7 ks
/X nat’ &7 £92% /r&.ﬂ‘AT Sés ENTLY  Toass)
/<40/ S o/ 4. 75 BLe 6., A #emtos7 cerean
SAMPLES TYPES: (WSACCOE) SAMPLE METHODS: (WSMCCDE) -
0. DUPUICATE F8 - FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMP
R . REPLICATE TB - TRIP BLANK 8- BARLER AL -  AIR-UFT SAMPLER
S. SPIKE L8 -« LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP
K - KNOWN N - NORMAL

D20 SL - SUCTION LIFT PUMP



GROUND WATER QUALITY SAMPLING RECORD ¢4 282

PAGE 1 OF 2
INSTALLATION 1D _ S5 47L Lo oaTE S /=72 106 TIME _£Z52
LOCATION ID 4408 =S /2 LOT CONTROL NO.
SAMPLE TYPE va SAMPLE ID SAMPLE DEPTH (FT) S B7¢
— PSS oy e

INITIAL GROUNDWATER DEPTH (FT) _J./0 47¢ Y B7 s fo prrge
SAMPLING PERIOD: suné L3/F COMPLETE 745 s
SAMPLING MET LOGGER CODE Zrn
LAB CODE T DATE SENT 07/ 20
PRESERVATION METHOO._“Z /. //Vﬂz ATETALS
COMMENTS _ AATEL_ FpidEd ﬁf(w"a plll
FINAL PARAMETER MEASUREMENTS: OE luuecrr’ 10
POTENTIAL OF HYDROGEN pH S.U. Af; 28/
SPECIFIC CONDUCTANCE SC umhos/cm 27 /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C 2/
ALKALINITY (CaCOg) . ALK mg/l -

pht\ A»“' 0.0 .

Dkl Ak > 5p4 Fhed — 502

. TOTAL VOLUME sc b
EMP.
TIME WITHDRAWN PH |iumnossemi| (o) COMMENTS
(GALS) [Bore Volumes)

GpA oo 0.0 - - - START PUMPING

(358 /& LFA  F65 eSS emtosT citad.

2y | 2§ legol g7 ok 7

5| 35 L2l 975 kssA ”

3/ 50 283\ 77 U5y 7 Sttt Taidlos)

SAMPLES TYPES: (WBACODE) SAMPLE METHODS: (WSMCODE)

D. DUPLUICATE F8 - FIRELD BLANK G- GRAB ° SP - SUBMERSIBLE PUMP

R-. REPLICATE T8 - TRIP BLANK 8- BALER AL « ARLUFT SAMPLER

S. SPIKE LB - LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP

K - KNOWN N. NORMAL D-21 SL . SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING ascoalf ‘4 28

PAGE t OF 2

INSTALLATION 1D L3V oG DATE S /=72 LOG TME __LS20
LOCATIONID L ~228 —5C ~ LOT CONTROL NO.

SAMPLE TYPE 2/ SAMPLE ID SAMPLE DEPTH (FT) .45 27~
— R 5-—:# e CJavng
INITIAL GROUNDWATER DEPTH (FT) _Z%S A7z 55, g/ = e SOy oot

SAMPLING PERIOD: snnb;r g coum.zre /520
SAMPLING MET LOGGER CODE . LZ7/
LAB CODE M DATE SENT_S7/%0
PRESERVATION METHOO____Z"C WJJL NMerAzs
COMMENTS
FINAL PARAMETER MEASUREMENTS: ' DEfﬁrT’ro
POTENTIAL OF HYDROGEN pH  S.U. 42 2o
SPECIFIC CONDUCTANCE sc umhos/cm /(73 /_
REDOX POTENTIAL Eh mvoits w— —
TEMPERATURE TEMP °C .
ALKALINITY (cacoe ALK mg/t -
P pid = .
ToTRL W Fa rEAtd ALic = 594 CElHad  39F
, TOTAL VOLUME SC
TEMP.
TIME WITHDRAWN PH |umnosrem | (ocy COMMENTS
(GALS) ilon Volumes) .

sosz| 0.0 0.0 - - - START PUMPING

A 2. & #F 7S A N 7 A/ e 51/4/72‘/ AR,

oo | 7O £y wSe  |4a8A “

/57> AN /4 6. 60 Yl L i rTesT . AT SLIEATRS i

d ey $7H  ugr e 24f '/

s\ 2o : A 2z V7 3 /

SE é‘sf- é;fﬂ //4,7/ &/ ”AP;/ AUS n I e YA wpf

SO7  Fp S 2 /735 s, A 1057 g e

SAMPLES TYPES: (WSACODE) ' SAMPLE METHODS: (WSMCODE)

D- DUPUICATE FB - FELD BLANK Q- GRAB ° SP - SUBMERSIBLE PUMP

R- REPUCATE TB - TRIP BLANK B- BALER AL -  AR-UFT SAMPLER

S-. SPIXE L8 - LAB BLANK PP - PERISTALIC PUMP B8P - BLADDER PUMP

K - KNOWN N- NORMAL D-22 SL- SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD €4 284

PAGE t OF 2
INSTALLATION ID _Z54/Z_ L.0G DATE S/~ Z7 WG TIME _ 2 F2 2
LOCATIONID L5058 ~5 2 LOT CONTROL NO.

SAMPLE TYPE /Y SAMPLE ID SAMPLE DEFTH (FT) 275 B7¢
7022725 BIC CsewidZD
INITIAL GROUNDWATER DEPTH (FT) _Z- 75 87 587100 3 werred cesity Vo
SAMPLING PERIOD: START __27%7 COMPLETE _ 2297
SAMPLING METHOD — /2 LOGGER COOE /224
LAB CODE A 9 DATE SENT _S—/-Z0
PRESERVATION METHOO__ L 7 & /A 07 /425
COMMENTS '
FINAL PARAMETER MEASUREMENTS: DETLchrT'r‘
POTENTIAL OF HYDROGEN pH s.uU. 6.43 L0/
SPECIFIC CONDUCTANCE SC umhos/cm 7449 /
REDOX POTENTIAL Eh mvolits — —
TEMPERATURE TEMP °C 0.7
ALKALINITY (CaCOg) | ALK  mg/l
Phen Aif =vo :
Unbmered  Toks! MK 2 aok *kea ;‘thcl = LGOS v"'fj/l__
_ TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |(umnossemi| (oc) COMMENTS
{GALS) [Bore Voiumes)

797¢ 0.0 0.0 - - - START PUMPING

A 457 /¥S \SoR L7 Baont] Sercprey Tawb s

233 3.0 sl ey 4559k 7

Ves AR XS b3l bl |LS6°F s

V241 RN/ 443 /58 458

SAMPLES TYPER: (WSACODE) SAMPLE METHODS: (WSMCODE)

D- DUPLICATE F8 - FELD BLANK G- GRAB SP . SUBMERSIBLE PUMP

R. REPUCATE TB - TRIP BLANK B- BALER AL - AR-UFT SAMPLER

S. SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP

K- KNOWN N « NORMAL D-23 St - SUCTION UFT PUMP




GROUND WATER QUALITY SAMPLING RECORD €4 285

PAGE 1 OF 2

INSTALLATION 1D _%32Z. _ LOGDATE _$£=72 LOG IME /22
LOCATION ID __£728 5 & LOT CONTROL NO.
SAMPLE ID SAMPLE DEPTH (FT) <£.52 A7

SAMPLE TYPE

INITIAL GROUNDWATER DEPTH (FT) 2452 Rrc-

7O = 5600 O7CL Somtid V)
J/.[/‘/fq/ = Fuertes £S5y

SAMPLING PERIOD: START /(2L COMPLETE __/55 B
SAMPLING METHOD LOGGER CODE L2290
LAB CODE ___[#=zx DATE SENT_> /70
PRESERVATION METHOO__ 7 < ﬁ%” A
COMMENTS
FINAL PARAMETER MEASUREMENTS: DELEhf;O
POTENTIAL OF HYDROGEN pH s.u. LT s
SPECIFIC CONDUCTANCE SC umhos/cm Wz /
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP  °C 2.7
ALKALINITY (CaCOg) ALX mg/l -
Frbntd A = O 0 S
TCrAz itz erZied A2k = 1202 T Az S BEs P = 356
| TOTAL VOLUME sc I
EMP
TIME WITHDRAWN PH |iummossemi| (g COMMENTS
(GALS) Bore Volumes)
e 0.0 0.0 - - - START PUMPING

A 6.7V Bur P oA Otemer/ spac, jorr Tirs,

//7) z2.s &.7% Boo |e#74 ’7

/123 3.0 gHEON B/ 51 <!

/125 < L b. 5 Lo/ VeFiA Py

/27| 5.0 FA 2oz |ePeA

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

D- DUPLUICATE F8 - FIELD BLANK G- GRAB ° SP - SUBMERSIBLE PUMP

R - REPUICATE T8 - TRIP BLANK 8. BARLER AL -  AIR-LIFT SAMPLER

S- SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP

K - KNOWN N- NORMAL D-24 SL- SUCTION LIFT PUMP >



GROUND WATER QUALITY SAMPLING RECORD

€4 286
PAGE { OF 2
INSTALLATION ID _(Z5:¢2 __ LOG DATE el ik 24 LOG TIME (300
LOCATION ID _££05 -5~ LOT CONTROL NO.
SAMPLE TYPE % mé/sp SAMPLE ID SAMPLE DEPTH (FT) 2272 2c
F £
70 2 20 00 By etOED)
INITIAL GROUNDWATER DEPTH (FT) _Z2.7¢ 5 Ot 0135239237 12 Al y
SAMPLING PERIOD: START /%% COMPLETE Va2 '
SAMPLING METHOD LOGGER CODE 22

LAB CODE /7
PRESERVATION METHOD__ < L //A/ﬂq 'Mf/hJ

DATE SENT 2% -0

COMMENTS

FINAL PARAMETER MEASUREMENTS: DEE::C
POTENTIAL OF HYDROGEN pH S.u. £ 27 z.cr
SPECIFIC CONDUCTANCE SC umhos/cm 7Z7 /
REDOX POTENTIAL Eh mvoits

TEMPERATURE TEMP ol o V4
ALKALINITY (caco,) ALK mg/l -

Wb AL = 0.0

TUTHC iyl Priiensd  msc @””/4 T Feigcky A = 38
| ToTAL vOLUME sc
TEMP ]
TIME WITHDRAWN PH |iumnossemi| (=ic) COMMENTS
(GALS) kloro Volumes)
/j7’./>’ 0.0 0.0 - - - START PUMPING
/ 5‘/ f)’ /.ﬂ é< &,)/ ?ﬂs/ MU.’# < 1LH T IIW;‘ oot AIDD. Terrller)
/3572 Z.v s A73 4657 i | Sciengiy ok
/35 3.0 .47 2/0 L0~ "
/35C A7 .70 FZ/ 755~ !
/35 5.0 87 726 |69.0°A //
A pin | 723 |eF v
and Y v o9 727 |4~ 2
EPN Puedr Broen
sz7 | — 6.5 / i 22
pLawnbinTY = 20
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D- DUPUCATE FB - FELD BLANK G- GRAB SP - SUBMERSIBLE PUMP
R - REPUCATE TB - TRIP BLANK B- BALER AL -  AIR-UFT SAMPLER
S. SPKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K- KNOWN N- NORMAL [_j5 SL- SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD €4 287

PAGE t OF 2

INSTALLATION 1D _ Y2 LOG DATE %/9/ 70 LOG TIME LE T

LOCATIONID ___ 3 LF08-5¢& LOT CONTROL NO.

SAMPLETYPE ____ A/ SAMPLE ID SAMPLE DEFTH (FT) _Z2./S_ (377
TD. 2304 2% ~20.05 = - ’

INITIAL GROUNDWATER DEPTH (FT) _ZZLs (7ve) . 50/54{/5*‘5}50.:5?:%3/0'/,/5’5%#

SAMPLING PERIOD: START __2ZZ COMPLETE _>7Z ’/_3/2@"2’ vae

SAMPLING METIHOD L LOGGER CODE /(200

LAB CODE __/(#o4/ DATE SENT Y L5/%0

PRESERVATION METHOD__¥.5(0 #als (PH<Z ) with ppefals
COMMENTS |

FINAL PARAMETER MEASUREMENTS: DELESFQ‘
POTENTIAL OF HNYDROGEN pH S.u. L. 67 _zo/
SPECIFIC CONDUCTANGCE SC  umhos/cm 770 — 7
REDOX POTENTIAL Eh mvolts -—
TEMPERATURE TEMP  °C =/ .
ALKALINITY (CaCO3) : ALK  mg/l -
PR e Pl rafae ot Rcicdiiad T T E .
UNFIETBAEN TOTRL Ari. = 25 T, Toras Feu. Fritepd = 05 ",
TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN, PH |iumnossem| (oicy COMMENTS
tGaLs) § Volumwes)

7 0.0 0.0 - - - START PUMPING

Y1474 /.0 2.55 6.7 GbO 435 #4878 S repszr T226,D

ey y5 1 &.50 750 Ws = +/

/009 <£ 0 Z.3) &4 PIp N2 | Loewtr 7a0/ Seitnrry Tt
sl S0 227 \6.6H 259p |65 HA o

//5 é-ﬁ : \_g.%} — — - s/

|
[

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE) .

D- DUPUCATE FB - FELD BLANK G- GRAB - SP - SUBMERSIBLE PUMP

R - REPUICATE TB - TRIP BLANK B - BAILER AL - AIR-UFT SAMPLER

S. SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP

X - KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-26




GROUND WATER QUALITY SAMPLING RECORD

€4 288

INSTALLATION ID L_ LOG DATE V/ 3 /Gy

PAGE t OF 2

wenME /552

LOCATION ID ££45 — 5

LOT CONTROL NO.

SAMPLE ID

SAMPLE TYPE

SAMPLE DEPTH (FT) (£ 22 (87

INITIAL GROUNDWATER DEPTH (FT) L4722 (372)

P 7D >/ -y
?é o M&f‘?‘j%:{fj/7éz

=5

SAMPLING PERIOD: START 2420 COMPLETE . Z-
SAMPLING METHOD LOGGER cooe
LAB CODE __ 442~/ DATE S £/
PRESERVATION METHOO___ ¥ °C  idpa (ol METALS p,f/ <
COMMENTS
FINAL PARAMETER MEASUREMENTS: DEZES#""
POTENTIAL OF HYDROGEN pH S.u. 6. 40 2%
SPECIFIC CONDUCTANCE sC umhos/cm L2220 4
REDOX POTENTIAL Eh mvolts —
TEMPERATURE TEMP °C 2/
ALKALINITY (CaCO3) ALK  mg/l -
Fheno/phehate:n A1 = O )
n s ) erel T bl ’5?5 '”7/‘_ é//g,a/ = 372 /L
TOTAL VOLUME sc
TEMP.
TIME WITHORAWN, 2.l PH |(umnossemi| (o) COMMENTS
(GALS) [Bere-Volumas)

/5¢¢]  o.0 0.0 - - - START PUMPING
&ﬂﬂ Z-0 VA4 &6.20 S O/0 é]g I J‘/'jﬂf‘ GrGo S/ TS ot ey

oo 2.8 St &z 1070 s ” .

s B4 /82 50| /00 6t’A Hluosr ctor

bor/ $.0 227 630l 2790 \|z3s°k ”

rf\ 6.0 Z73 besl oo 3K v

VZ2A NP L Lo\ oo 16384 “

%% ZS, S _ — - E el Dur g E-

4 4

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

D - DUPLCATE F8 - FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMP

R-. REPLICATE TB - TRIP BLANK B - BAILER AL - AIRUIFT SAMPLER

S - SPIKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP

K- KNOWN N - NORMAL

p-27 SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD ¢4 289

PAGE 1 OF 2
INSTALLATION ID _5342—_ oG DATE S /-7 2 LOG TIME __ZZ7 S
LOCATION 1D 7295 =/ 4 LOT CONTROL NO.
SAMPLE TYPE __A/ SAMPLE ID SAMPLE DEFTH (FT) 898 487
FTO 217 bB BT (SowndEYD) -
INITIAL GROUNDWATER DEPTH (FT) _ 278 872 ST Fo ;W/:)/
SAMPLING PERIOD: snng UL, COMPLETE _ /220 )
SAMPLING METHOD ./ LOGGER COOE £201/
LAB CODE __A20 % - DATE SENT 5 //-72
PRESERVATION METHOD_ “& . /as -nfE7ALS
COMMENTS '
FINAL PARAMETER MEASUREMENTS: °Eﬁﬁ‘f
POTENTIAL OF HYDROGEN pH  S.U. 705 22
SPECIFIC CONDUCTANCE SC  umhos/cm 777 /
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °C L
ALKALINITY (CaCO4) ALK mg/l
hemol AR G ° :
u.ﬁ.;?ml ‘.{:\h\:\ AL T Nk Lioos Eloend = 353 M/L
‘ TOTAL VOLUME sc |
EMP.
TIME WITHDRAWN PH |iumnossemi| o0y COMMENTS
{GALS) Bore Volumes)

/044 0.0 0.0 - - - START PUMPING

108/ /0 7 #23 S LT Blpwd), StewTes Tor?d .y

pwsy| 25 Zot\ P2 6557 ” _

wsFl A ZoH 756 VsS$A 1 Swewrzy 7o 4o, Tl

@259\ S0 705\ F£S 653°%F ” ]

vor V55 L. 7os| 779 |5SE %

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCGDE) ™ -

D+« DUPUCATE F8 - FELD BLANK G- GRAB - SP - SUBMERSIBLE PUMP

R - REPUCATE TB - TRIP BLANK B- BALER AL -  AIR-UFT SAMPLER

S. SPIKE LB - LAB BLANK PP . PERISTALIC PUMP B8P - BLADDER PUMP

K- KNOWN N- NORMAL .. SL- SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD &4 290

PAGE 1 OF 2

INSTALLATION ID _S5#42 . L0G DATE S /=72 LOG TIME (22X
LOCATION ID 28 28 LOT CONTROL NO.
SAMPLE TYPE A/ SAMPLE 1D SAMPLE DEPTH (FT) 2.2 &7e
— D= yZ BB O SoeANED

INITIAL GROUNDWATER DEPTH (FT) 237 872 7 527»/ 12 ZP,,,Z
SAMPLING PERIOD: START 7225 COMPLETE P27
SAMPLING METHOD LOGGER CODE L%
LAB CODE poO - DATE SENT _S—7/(%0
PRESERVATION METHOD__Z "c’g‘ﬁ'/@fﬂfmﬂ
COMMENTS :
FINAL PARAMETER MEASUREMENTS: OE IuMEcrr’ i
POTENTIAL OF HYDROGEN pH s.u. &£ 75 2
SPECIFIC CONDUCTANCE sC umhos/cm L2237 A
REDOX POTENTIAL Eh mvoits
TEMPERATURE TEMP °C Lz
ALKALINITY (CaCOg) ALK mg/l -

Phea AIK:0.D .
UNEILTERED ALK = NOT TAKEN FILTERED ALK = 562 ma/L

. TOTAL VOLUME . sc
TEMP.
TIME WITHDRAWN PH |iumnosscm] (e COMMENTS
(GALS) [Bore Voiumesi .

17 0.0 0.0 - - - START PUMPING

,07% % 676 V/fF NS A LT Glrens Seisnie v TOPA

/o7 2§ ol 87 |ssed 7

Ll ¢ 1232 1453% v

27| 55 L7923 4s2A v

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

D- DUPUCATE FB - FIELD BLANK G - GRAB SP . SUBMERSIBLE PUMP

R . REPUCATE TB - TRIP BLANK 8- BARLER AL « AIR-UFT SAMPLER

S- SPIKE L8 « LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP

K- KNOWN N -

NORMAL ., SL- SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECorp €4 291

PAGE 1 OF 2

INSTALLATION ID _ (252 LOG DATE _Z-3p-Z¢ LOGTIME __ 05/ S

LOCATION ID L 727-/2 4 LOT CONTROL NO.

SAMPLE TYPE ____ SAMPLE ID SAMPLE DEPTH (FT) <42/ /7
T o,

INITIAL GROUNDWATER DEPTH (FT) _/2. /7 B Z5 Tl < 35/”"5(5:2

SAMPLING PERIOD: START 20235 COMPLETE _ /%%3

SAMPLING METHOD __2 LOGGER CODE .Co24

LAB CODE /27~ DATE SENT 3070

PRESERVATION METHOD__Z°C~ W‘z /’7'21’444 M —PET ML
COMMENTS

FINAL PARAMETER MEASUREMENTS: °E§$°'
POTENTIAL OF HYDROGEN pH s.u. 70 _ Loy
SPECIFIC CONDUCTANCE sC umhos/cm s /
REDOX POTENTIAL Eh mvoits '
TEMPERATURE TEMP °C 27
ALKALINITY (CaCOgy) ' ALK  mg/l -
FHEV . AL CQ
TOTAL yAFr TELES ALic = :ZQ5 Torar [Fuitelbd AL = 286
| TOTAL VOLUME sc u
EMP.
TIME WITHDRAWN PH |umnosrem| (o) COMMENTS
(GALS) [Bore Volumesi
] 0.0 0.0 - - - START PUMPING
/[0 /7’ -,7_00 635 Ay A JUATEL (e EA7
/o0 7% F17Z $%) \b68SH Slicwrs feowos
o7/ | 3¢ | F.p s2p lss®
J67¢ 'Y Zoll 578 |scsh o
/7179 # L - F /77 $7F7 e A ”
SAMPLES TYPER: (WSACODE) SAMPLE METHODS: (WSMCODE)
D- DUPLICATE F8 - FELD BLANK G - GRAB ° SP . SUBMERSIBLE PUMP
R- REPUCATE TB. TRIP BLANK B- BALER AL - AR-UFT SAMPLER
S - SPIXE LB - LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP

K- KNOWN N- NORMAL _3; SL- SUCTION LFT PUMP



GROUND WATER QUALITY SAMPLING RECORD €4 292

PAGE 1 OF 2

INSTALLATION ID __.S4VZ _ LOG DATE _Z30-70 LOG TIME 2%

LOCATION ID 27027 = /225 LOT CONTROL NO.

SAMPLE TYPE A/ SAMPLE ID SAMPLE DEPTH (FT) 2245 B7¢C-
— — z‘% 5? 74 e /}ayaﬂé@

NTIAL GROUNOWATER DEPTH (FT) 2.5 570, © 435700 = 3 nieAbed cutorsy

SAMPLING PERIOD: START — /3 COMPLETE __ /%%

SAMPLING METHOD . LOGGER CODE

LAB CODE _ A0V DATE SENT

PRESERVATION METHOD=L"C-. o 47 TS L= FET i ] L0k 0 pords
COMMENTS

FINAL PARAMETER MEASUREMENTS: °E’UEMCW' 10
POTENTIAL OF HYDROGEN pH s.u. ¢. 77 .0
SPECIFIC CONDUCTANCE sc umhos/cm FZzZ /
REDOX POTENTIAL Eh mvolts —
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCOy ) ‘ ALK mg/l -
Pren. #en. = Q0 B
TOTHE wnFrTELED Alk = Q2L TFOrre frTE] = 395
. TOTAL VOLUME sc
TEMP
TIME WITHDRAWN PH |iumnosscm | (ocy COMMENTS
{GALS) Bore Voilumes)
G 0.0 0.0 _ - - START PUMPING

2, ns LA 533 vz PP

e u N AS 6.6 5279 |s75F 7

niF| 25 L7l B2F |pgoA

/29 B0 (7% 227 \pood /1

/32| #Oo |, 72| EZ¥ 1675A "

,73% e kA Szz koA “

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

D- DUPUICATE F8 - FELD BLANK G- GRAB SP - SUBMERSIBLE PUMP

R-. REPUCATE T8 - TRIP BLANK 8- BARLER AL - AIRUFT SAMPLER

S-. SPIKE LB - LAB BLANK PP - PERISTALIC PUMP B8P - BLADDER PUMP

K- KNOWN N- NORMAL [ 3; SL- SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD €4 293

PAGE 1 OF 2
INSTALLATIONID _{25:4" 2 LOG DATE _7-32-22 LOG TIME __/Fc0 i
LOCATIONID £ £ 727 ~/2C LOT CONTROL NO.

SAMPLETYPE LV £ £ SAMPLEID SAMPLE DEFTH (FT) _32.04
70 = o ]oragmwgy/o 5—%5/,/_ -

INITIAL GROUNDWATER DEPTH (FT) 32222 872 L g
SAMPLING PERIOD: START 2" COMPLETE /417 <
SAMPLING METHOD 23 LOGGER CODE (222
LAB CODE __ /g’ DATE SENT L3272
PRESERVATION METHOD 2. /At -2 7o o pe — AT Al
COMMENTS
FINAL PARAMETER MEASUREMENTS: DETSS;EQ
POTENTIAL OF HYDROGEN PH  S.U. b.92 D
SPECIFIC CONDUCTANCE sC umhos/cm e 2l /
REDOX POTENTIAL Eh mvolts S i
TEMPERATURE TEMP °C 2,
ALKALINITY (CaCOy) ALK mg/l

PV e = QG .

TOML uwFieTeney SLit = (22 Tomre Frreais muc = A58

| TOTAL VOLUME sc

TEMP.
TIME WITHDRAWN PH |umnossem| (o COMMENTS
(GALS) [Bore Voiumes)

/274 0.0 0.0 - - - START PUMPING

/33y A YR 73 LA LT Blpens fnsr Siiemrsy Tinn

el 2.8 4659 LA 6824 ”

1342 30 5] §80 ARY, &

1345 4.0 6.5 868 |¢85 K

1350 | 5.0 : 652 g47 68 7 “

3582 | 6.0 c N | 960 |0 T

1359 S ©.52 850 2.6 '

£ it Ars \Bypuire -
FL3 Opt 2SI Liecne
My pre = /1o
Srdrf i 21 e |= 2.4

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

0. DUPLICATE FB8 - FIELD BLANK G- GRASB - SP - SUBMERSIBLE PUMP

R - REPUCATE TB - TRIP BLANK 8- BALER AL - AIR-UFT SAMPLER

S-. SPIKE LB - LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP

K. KNOWN N- NORMAL D-32 SL . SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD €4 294

PAGE 1 OF 2

INSTALLATION ID _(25:0Z LOGDATE —Z—3£-"%  |OGTIME __:370

LOCATION ID /725 — /22 LOT CONTROL NO.

SAMPLE TYPE /L £ 27 SAMPLEID SAMPLE DEFTH (FT) <£.c35 57<
INITIAL GROUNDWATER DEPTH (FT) _ZZ.65 372 ”C g?‘pﬂﬁf*’?j'%ﬁ’ vy -
SAMPLING PERIOD: STAR ASY4 COMPLETE __ /4202
SAMPLING METHOD 2 LOGGER CODE £ 27 /

LAB CODE _ /7 : DATE,SENT
PRESERVATION METHOO 22 s —mETRes — gy — FET- J [~
COMMENTS ‘

FINAL PARAMETER MEASUREMENTS: DEE%'C
POTENTIAL OF HYDROGEN pH S.U. L76 ey
SPECIFIC CONDUCTANCE sC umhos/cm ) %
REDOX POTENTIAL Eh mvolits —
TEMPERATURE TEMP °C Ly
ALKALINITY (CaCOg) ‘ ALK mg/l -
JHen. Aegt. D O , M
TOTAL wi'Fre7EAbd Avi. = S99 TR B ed  Ari = 39S T
‘ TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |(umnossem| (e COMMENTS
({GALS) klon Volumesi

iy Yy 68/ Por VLB 2RO meE fbrovi 41700, Tnd B o

(s24 7o |- Zoy\ Bz W7I= %

(827 50 79 BoZ |égrA %

U . &/t g2 A s

$3% S5 i 6.7 %13 %2 A /7

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

D-. DUPUCATE F8 - FEAD BLANK G - GRAS SP - SUBMERSISBLE PUMP

R- REPLCATE TB - TRIP BLANK 8- BALER AL -  AR-UFT SAMPLER

S-. SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP

K - KNOWN N - NORMAL D-33 SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD ¢4 295
PAGE t OF 2
INSTALLATION ID _LS2%-  LOG DATE S/ =70 LOG TIME /700
LOCATION ID __£70% ~ /2 = LOT CONTROL NO.
SAMPLE TYPE i a3 f{’;ﬂ SAMPLE ID SAMPLE DEPTH (FT) ZZ.%2 27
70 Jbeb b"fd/(.spw/y"v
INITIAL GROUNDWATER DEPTH (FT) 72 bz 71 ot < B oo csing st

SAMPLING PERIOD:

COMPLETE L2

STjT

LOGGER CODE X2/

SAMPLING ue?n
LAB CODE i

DATE SENT . 3-/Z»

PRESERVATION METHOO_Z. &, //ﬂ/ﬂrft/'/:ufrs At = PETR0 bg 4T I epBe -
COMMENTS
FINAL PARAMETER MEASUREMENTS: oETECTIC
POTENTIAL OF HYDROGEN pH s.u. X e
SPECIFIC CONDUCTANCE sC umhos/cm 7 /
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °C £
ALKALINITY (CaCOgqg) ALK mg/l -
/7l/£4/ Ll = O, O
TOTRL rnbi T Blbd ALk =3 ToHz Feuitaeyd Ao = 398
. TOTAL VOLUME sc
TEMP
TIME WITHDRAWN PH |umnossemi| (oc) COMMENTS
{(GALS) [Bore Volumes)

pr0227% 0.0 0.0 - - - START PUMPING

0931\ /o 473 757 407 2LEAL

0934 z§ o2\ FEe gz’ %Aﬁ?, SERT SLienTid ¢

A NRts L5l FeF brzA 2

o737 <~ 0 b.60 ?é ¢ Wg7A4 v

o7/ 7| 5O 4. 6é Fe5 et /

SAMPLES TYPES: (WSACOOE) SAMPLE METHODS: (WSMCODE)

0. DUPLICATE F8 - FIELD BLANK G- GRAB ° SP - mm»'

R - REPLICATE TB - TRIP BLANK B - BAILER AL -  AIR-UFT SAMPLER

S- SPIKE L8 - LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP

K - KNOWN N- NORMAL 1_3; SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD €4 296

PAGE 1 OF 2
INSTALLATION ID _£344~_ LOG DATE S/~ 72 LOG TIME _Z250_
LOCATION ID __ 227 —2 £ LOT CONTROL NO.
SAMPLE TYPE 4/ SAMPLE ID SAMPLE DEPTH (FT) Z5. 7/ A7¢
TR ?2 H7e (.safaz//ég
INITIAL GROUNDWATER DEPTH (FT) 257/ &7¢ s 7 e’
SAMPLING PERIOD: sngr 2 »%7 coam.sre JZ
SAMPLING METHOD, LOGGER COOE
LAB CODE G0/ DATE SENT i’//'fo
PRESERVATION METHOD__ ¥ 7% //A/p, At s
COMMENTS
FINAL PARAMETER MEASUREMENTS: DELEMC“WO
POTENTIAL OF HYDROGEN pH s.u. 450 £
SPECIFIC CONDUCTANCE SC umhos/cm youidh /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCO3g) ALK mg/l
Prenl Mk-o0.0 ;
UnEabled Tobel AT - net ken  Filfered =
| TOTAL VOLUME sc It
EMP.
TIME WITHDRAWN PH |umnossem | (o) COMMENTS
(GALS) [Bore Voiumesi

p835] 0.0 0.0 - - - START PUMPING
2839 /0 § 2 AEZ NLBOA L7 T, 326072y T Lot))
Y 222 A . £33 \ep% -

Vo de A LEA B3 |42 ”

262 50 coA  Pyp |78 ~

A < | LEA B3 1450F /

D DUPLICATE FB - FELD BLANK G- GRAB SP - SUBMERSISLE PUMP

R - REPUICATE TB - TRIP BLANK B- BAILER AL = AIR-LIFT SAMPLER

S - SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP

K -  KNOWN N- NORMAL D-35 SL .- SUCTION LFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

€4 297
PAGE £ OF 2—

—— — . P
INSTALATION 1D _ZS“/ oG DATE _S 2L~ 70 LOGTIME __ /522

LOCATION Ip __ L%~/ £ LOT CONTROL NO.
SAMPLE TYPE — SAMPLE ID SAMPLE DEPTH (FT) = 25.8 47
sl Ak 350 ‘ggucj;_’iqo . 2 8. 47re /mﬂfd 7,‘9#4'-/ =
: 7P=34s5 Bre.  magie
Tl I B o e
{GALS) [Bore voiumes)
/512 — 7T Bre a0
/STL /. & L\ FT9 | BN AegosT Cragl
/S)7 2.0 LEF 777 LIBH L7 Blretd Seregizy 77//-:5/‘
5731 3.0 K| 775 \izekx - 7
/579 S0 | L8 \LESHE 7

e | — <7au7 Sangfiag
LA - G0 Aoty i

D-36 "




GROUND WATER QUALITY SAMPLING RECORD

€4 298
PAGE 1 OF 2
INSTALLATION ID _ 842 LOG DATE _S /-# LOG TIME /¢S
LOCATION ID 24227 =10 £ LOT CONTROL NO.
SAMPLE TYPE ___ A/ SAMPLE ID SAMPLE DEPTH (FT) /332 47<
v _ 7D 22000 A; =)
INITIAL GROUNDWATER DEPTH (FT) _/2.20 47 550 9= ,aw,éfé"’":s;)
SAMPLING PERIOD: START /%23 COMPLETE __/%/{ 7=
SAMPLING METHOD 4 LOGGER CODE —_ K720/
LAB CODE /8o R ATE SENT_ & /(- 70
PRESERVATION METHOD SOl o 3 = AJETALS
COMMENTS '
FINAL PARAMETER MEASUREMENTS: DETSSQON
POTENTIAL OF HYDROGEN pPH  S.U. vy _gpo/l
SPECIFIC CONDUCTANCE sC umhos/cm 235 /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C ' 2/
ALKALINITY (CaCOg) " ALK mg/t
A
Zemil/é/l/ﬁl/WJ z W 7F Y/ F Hemj 440
. TOTAL VOLUME o
TEMP.
TIME WITHDRAWN PH [(umnasscm | (e gy COMMENTS
(GALS) Bore Volumes)
/5,/5 6.0 0.0 - - - START PUMPING
/3s7 | /o £~ . 953 N I AT 4
123571 2.6 P2 Fe7 \LISH | Sew#riy ClowsT
§H 3¢ \L73] 949 \128% %
Lozl 5.2 LL8l 937 |L28% /
wz| ¢ | — — —\ Lo Fpce
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D- OUPLICATE F8 - FIELD BLANK G - GRAB SP - SUBMERSIBLE PUMP
R -  REPUCATE TB - TRIP BLANK 8- BALER AL - AR-UFT SAMPLER
S - SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP

K - KNOWN N - NORMAL D_37Sl.- SUCTION LIFT PUMP



SURFACE WATER QUALITY SAMPLING RECORD

€4 299
INSTALLATION 1D _& LOG DATE _52-7 & LoG TiME _ 2530
LOCATIONID __£408 = S5/ LGT CONTROL NO.
SAMPLE TYPE A SAMPLE ID SAMPLE DEPTH (FT) L2 3w’
SAMPUNG PERIOD: STAR] ___Z2/0 compLeTE 234
SAMPLING M = LOGGER CODE __ %20/
LAB CODE ool DATE SENT __S-&-90

PRESERVATION METHOD ¥ “C 4au5 - p7£7%2 §
COMMENTS __ AR 774 T [frzw/é/zzzu

DETECTION
PARAMETER MEA SUREMENTS: UMIT
POTENTIAL OF HYDROGEN pH s.uU. .00 2.0/
SPECIFIC CONDUCTA NCE sC umhos/cm csy /
REDOX POTENTIAL . Eh mvoits — —
TEMPERATURE =~ . TEMP °C 2/

Ph:hKhAf%{';:TYﬁ(\?‘F?S) 00 ALK me/l o -
uh‘P Atice lin' 4y, = ‘12‘{5 /?7/ F.Hered = 2 TEMP65.2° F

INSTALLATIONID _ 5L oG DATE __S - B-70  oaTime _ L7258

LOCATION ID _£FA0— S 7 LOT CONTROL NO.

SAMPLE TYPE A SAMPLE ID SAMPLE DEPTH (FT) M
SAMPUNG PERIOD: START ___ /XL coMPLETE 2235

SAMPLING ME‘%}D & LOGGER CODE ___ <80 1/

LAB CODE #o DATESENT __S8-5D

PRESERVATION METHOD _ ¥ L M0, ~+jlas S
COMMENTS __AR7E o £270

DETECTION
PARAMETER MEA SUREMENTS: LUMIT
POTENTIAL OF HYDROGEN pH s.U. 2.7 2o/
SPECIFIC CONDUCTANCE e umhos/cm 22
REDOX POTENTIAL En mvolts — —
TEMPERATURE TEMP  °C 24
ALKALINITY (CaCO3) ALK mg/l
FHER, Altw =& TEAIP = b ZOF
TOTHC AAFreTECED = 350 9/, Torre FriTEeE] Ak =340 ss/78
SAMPLE TYPES: (WSACODE) SAMPLE METHODS. (WSMCODE)
D- D'UPUCATE FB - FIELD BLANK G- GRAB SP - SUBMERSISBLE PUMP
R . REPUCATE TB - TRIP BLANK B - BALER AL - AIR-UFT SAMPLER
S - SPIKE LB - LAB BLANX PP - PERISTALIC PUMP BP - BLADDER PUMP
K - XNOWN N -  NORMAL SL - SUCTION UFT PUMP '

D-38




SURFACE WATER QUALITY SAMPLING RECORD €4 300

INSTALLATION ID _% LOG DATE _$-5-22 LoG TIME __ (322
e A

LOCATION ID _< LOT CONTROL NO.

SAMPLE TYPE Z A SAMPLEID SAMPLE DEPTH (FT) _2.5_B~5
SAMPLING PERIOD:  START 1305~ COMPLETE A3/

SAMPUNG METHQD /= LOGGER CODE __£Zrp

LAB CODE 2 DATE SENT __.S- 520

PRESERVATION METHOD ¥ “& . 40, — 4/#541.S

—

COMMENTS _ 2w 1 47E7

DETECTION
PARAMETER MEASUREMENTS: UMIT
POTENTIAL OF HYDROGEN PH  S.U. 27z 2.0/
SPECIFIC CONDUCTANCE sc umhos/cm 275 /
REDOX POTENTIAL : En mvoits — —
TEMPERATURE = . TEMP  °C .4
ALKALINTY (CaCO3) ALK mg/l D

ToTAL g cTELED ne s =73) ) Eirrdled Sesc= y2 % (f;gg‘;(ﬁ)
INSTALLATION ID _ 2542/ LOGDATE _S- 270  ocmmMe L350
LOCATION 1D L A2~ LOT CONTROL NO.

SAMPLE TYPE ___ N SAMPLE ID SAMPLE DEPTH (FT) _2S 2w/s
SAMPUNG PERIOD: S‘ijﬂ' Ay COMPLETE (357

SAMPLING METHOD LOGGER CODE &40/

LAB CODE _ 40~/ DATE SENT __S-5-720.

PRESERVATION METHOD __Z"C 405 -4 ]e7p2 5

COMMENTS __ 9t 2n/p) = BoTopa SEQMEAT 1< a7 SIFT Bt
AT O

DETECTION
PARAMETER MEA SUREMENTS: ) UMIT
POTENTIAL OF HYDROGEN pH S.u. 53 L
SPECIFIC CONDUCTANCE sC umhos/cm 278 /
REDOX POTENTIAL Eh mvoits h— Nara
TEMPERATURE TEMP °C 2/
ALKAL!NITJ((/C:COa) ALK  mg/l
JHEN . Ll = 2.0 P TEMP=51.2°F
TITAL UMERTERED Gere =437 T/ JOime FreTEREN = 385 0/,
SAMPLE TYPES: (WSACOOE) SAMPLE METHODS:. (WSMCODE)
0 - D}IPUCATE FB - FIELD BLANK G - GRAB SP - SUBMERSIBLE PUMP
R - REPUCATE TB - TRIP RLANK B - BALER AL - AIR-UFT SAMPLER
S - SPIKE LB - LAB BLANK PP - PERISTALIC PUMP . BP - BLADDER PUMP
K- KNOWN N - NORMAL SL - SUCTION UFT PUMP )

D-39




SURFACE WATER QUALITY SAMPLING RECORD

€4 301
INSTALLATION 1D _C/L-_ LOGDATE _S5_ 8- 7% LOG TIME __ /0SS
LOCATIONID _{f25 — 2 & LOT CONTROL NO.
SAMPLETYPE ____ A/ SAMPLE ID SAMPLE DEPTH (FT) _ 25345
SAMPUNG PERIOD: START /X COMPLETE LS
SAMPLNG METHO & LOGGER CODE <22+
LAB CODE % DATE SENT __S"5-72
PRESERVATION METHOD _ ¥°C—. #on — a1£74 L5
COMMENTS _ LRTEAL SLismiZ7 Jeswnds EfEER ISy T7s~
DETECTION
PARAMETER MEASUREMENTS: UMIT
POTENTIAL OF HYDROGEN pH s.u. 5 03 O/
SPECIFIC CONDUCTANCE sc umhos/cm £9% /
REDOX POTENTIAL : Eh mvolts — —
TEMPERATURE =~ . TEMP °C 4
ALKALINITY (CaCO3) ALK mg/l
Jrla = Zo TEM, =L2/p;
w7 Eled = 22 T, Frerzaed A= 220 VY :
INSTALLATIONID __C2“'L  LoGDATE S=Z-72 _ LocTiMe __/ 215
LOCATION ID &£ /028 —S5 LCT CONTROL NO.
SAMPLE TYPE A SAMPLE ID . SAMPLE DEPTH (FT)
SAMPUNG PERIOD: START ___/Z30 COMPLETE (295
SAMPLING METHOD, (e~ LOGGER CODE _/ZQ1/
LAB CODE Gor/ DATE SENT __S 270
PRESERVATION METHOD XYL #nit, — Affr7Pes
COMMENTS _ SPR7EZ SC/ens2F (2l oordS
DETECTION
PARAMETER MEASUREMENTS: . UmMIT
POTENTIAL OF HYDROGEN PH s.U. Z97 2.0/
SPECIFIC CONDUCTANCE SC  umhos/cm &7 4
" REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP  °C /4%
ALKALINITY (CaCO3) ALK mg/l
s ALK = 0.0 TE Pz F5F
LArRTECES A =T77 L BTty A= 207 “ YL
SAMPLE TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D - DUPUCATE FB - FIELD BLANK G- GRAB SP . SUBMERSIBLE PUMP
R- REPLCATE TB- TRIPBUANK B- BAILER AL - AR-UFT SAMPLER
S - SPIKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K. KNOWN N - NORMAL SL - SUCTION UFT PUMP ’

D-40




SURFACE WATER QUALITY SAMPLING RECORD €4 302

INSTALLATION 1D %5_"/_13_;1.03 oaTE _$B8-70 _ LocmME LS
/0L — .

LOGATION 1D LOT CONTROL NO.

SAMPLETYPE A ¥ D SAMPLEID SAMPLE DEPTH (FT) _ZS_Buk
SAMPLING PERIOD:  START ___/72£8 COMPLETE el

SAMPUNG METHOD __ & LOGGER CODE /20

LAB CODE i DATE SENT __S B2

PRESERVATION METHOD _ 9L - A0, —AETAS

P

COMMENTS LL2TZA ZLowdT,
Flapke g 257 AT

“aAd s j/ufgwg/ COVBTre7 it W?’S T AL st

Dub = 5.///"/

PARAMETER MEA SUREMENTS: Dur. = £12 3¢ DELEMCTIWON
POTENTIAL OF HYDROGEN PH s.U. z. 10 0.0/
SPECIFIC CONDUCTANCE SC umhos/cm W24 /
REDOX POTENTIAL . Eh mvolts I -
TEMPERATURE =~ . TEMP °C 2/
ALKALINITY (CaCO3) ALK mg/l

PHEM Brye = 0.0/00 TEVMP = 725

TO7AC N FITEEY =213/210  TorRre Fusrer) e = 205 /20%

INSTALLATION 1D _ &5 oG DATE _S-7-22 LOG TIME __ 742
LOCATIONID 5275~ 5/ LOT CONTROL NO. '

SAMPLE TYPE __ A/ SAMPLE ID SAMPLE DEPTH (FT) _0Q.5 BWS
SAMPLING PERIOD:  START __ 0832 COMPLETE 0849

SAMPLING MET?D & LOGGER CODE &0

LAB CODE oA DATE SENT ___3 -7 70

PRESERVATION METHOD < ¥ - £o2 & RY ; paty - 7b7res
COMMENTS \kier has o eyshy fidm

: DETECTION
PARAMETER MEA SUREMENTS: UMIT
POTENTIAL OF HYDROGEN pH S.U. ¢. 8% o.o/
SPECIFIC CONDUCTANCE sC umhos/cm 59 4
REDOX POTENTIAL Eh mvolts — -
TEMPERATURE TEMP  °C o./
ALKA )
BT Y ((CaCD3 ALK mg/i
Tl A - jaa  FMaed. 322~ Temp = 69.0°F

SAMPLE TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

D . D'UPUC.ATE FB - FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMP

R - REPUCATE TB - TRIP BLANK B- BALER AL -  AIR-UFT SAMPLER

S - SPIKE LB - LAB BLANX PP - PERISTALIC PUMP . BP - BLADDER PUMP

K - XNOWN N - NORMAL SL - SUCTION UFT PUMP '

Nn=-4t
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APPENDIX E

Survey Data
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HYDROGEOLOGIC INVESTIGATION
CARSWELL AIR FORCE BASE
FORT WORTH, TEXAS

Texas State Plane Coordinats ang Elesvation
of
Test wells
Soll Gas Probes ang
Sampling Paints

April 8, 1988

Brirraiv & Crawrord

TN LAND SURVEYING &
TOPOGRAPHIC MAPPING
E~3 {817) 920-0211 - Metro 429-5112

P Q. Box 11374 * 3908 South Freeway
Fort Warth, Texas 76110



NUMBER

855 A(45)
8ss 6(34)
ass Cc(36)
8ss 0(38)
Pl (111)
P2 (96)
1A (131)
18 (132)
1C (134)
10 (137)
1E (135)
IF {136)
3A (121)
J8 (118)
3 (117)
3D (120)
3E (119)
4A (129}
48 (130)
4ac (98)
40 {97)
4aE {95)
4F {93)
4G (100)
4H {99)
5A (109)
58 (90)
5C (104)
50 (103)
5e (110)
SF (54)
56 188 )
S5H (89)
10A (108)
108 (92)
10¢  (S91)
100 (107)
10 (106)
10F  (105)
LlIA (101)
118 (102)
12A (124)
128 (113)
12 (115)
120 (112)
126 (lla)
126 (127)
12K (126)
121 (125)
120 (128)
12k (116)

BOREHOLE AND MONITOR WELL SURVEY DATA

(Monitor wells are distinguished from
boreholes by having a corresponding

NORTH
"Y'

402,068.84192
402,390.17981
402,254.07567
402,418.08%08

397,712.30601
397,542.85438

401,089.50010
401,268.84868
401,032.46237
400,852.84768
401,173.20809
401,002.55061

398,360.53325
398,345.88397
397,831.27206
398,698.98292
398,358.43081

396,920.99434
396,940.34767
397,217.02642
397,446.176594
397,651.12948
397,680.42416
397,836.73039
397,541.43725

398,061.75689
398,520.35788
398,339.27594
398,362.32313
397,802.46440
397,904.64236
398,174.57747
398,351.69445

397,913.30549
397,899.01251
398,197.02603
397,857.53638
397,896.37914
397,946.08160

398,541.02097
J98,6853.41765

397,175.89292
397,333.41742
397,213.82758
397,511.40056
397,324.25035
397,111.16499
397,175.34773
397,231.20475
397,175.26975
397,222.63773

EAST
ny

2,024,357.78905
2,024,331.93158
2,024,565.70484
2,024,487.37097

2,019,695.14307
2,020,627.50845

2,025,128.18992
2,025,291.18966
2,025,482.01757
2,025,642.78693
2,025,407.53205
2,025,607.46316

2,017,786.72397
2,018,291.54176
2,018,292.28878
2,017,477.40425
2,019,005.28631

2,020,042.15064
2,020,463.63663
2,020,785.31555
2,020,610.98175
2,020,607.56231
2,020,255.75892
2,020,857.61303
2,020,916.84913

2,019,781.72497
2,020,283.72459
2,020,196.97152
2,019,960.19729
2,019,748.19597
2,020,535.56245
2,020,694.69337
2,020,546.91832

2,020,009.97063
2,020,243.06886
2,020,267.33493
2,020,078.59020
2,020,147.65721
2,020,196.19956

2,020,086.99390
2,020,136.88570

2,019,636.22169
2,019,895.65480
2,019,968.84527
2,019.943.01512
2,020,019.35440
2,019,819.73011
2,019,813.89486
2,019,814.97473
2,019,858.53625
2,019,504.66442

E-4

elevation of top of P.V.C. value)

ELEVATION OF
TOP OF P.V.C.

566.38
569.73
559.57
561.45

*628.58
*618.78

570.27
560.25
560.00
563.93
562.25
562.26

§25.25

625.76
619.90
613.04
615.35
618.54
625.36
620.02
613.43

623.18
600.45
608.68
611.71
626.89
618.95
615.39
610.62

626.70
624.46
617.24

608.22
608.14

635.66
627.55
628.05
627.45
627.48

€4 397

ELEVATION OF NATURAL

GROUND AT #€LL

566.9
567.1
560.0

625.5
615.5

566.5
560.49 (ASP)
560.31 (ASP)
560.5
559.4
558.5

633.47
633.84
635.39
621.6

622.87

624.6
618.4
610.9
613.1
617.5
622.8
619.1
610.5

619.4
597.4
606.8
608.5
623.9
619.4
612.0
608.4

624.2
621.1
615.4
623.33
622.52
621.47

604.8
603.4

632.0
625.6
625.5
624.8
624.5
629.22
629.06
269.15
628.66
626.74



Page 2
NUMEBER

154
158
15C

171
173
17K
17L
1™

*NQTE :

(149 )
(148)
(144)

(75)
(56)
(72)
(6l)
(65)

BOREHOLE AND MONITOR WELL SURVEY DATA

(Monitor wells are distinguished from
boreholes by having a corresponding
elevation aof tap of P.V.C. value)

NORTH
”x"

400, 123.22038
399,906.57343
399,884.41824

400,225.13342
400,362.97881
400,193.17235
400,394.21647
400,380.91204

EAST
"Y"

2,0
2,025,252.78758
2,025,168.58843
2,023,849.67063
2,023,805.58530
2,024,001.90555
2,023,966.04349
2,024,264.07312

25,232.61342 -

ELEVATION OF TOP
P.v.C. PIFE

570.24
567.12
566.89

578.19
579.79
575.34
577.27
574.28

WELLS Pl & P2 ~ THE ELEVATIONS SHOWN ARE THE TOP OF

THE OPERATOR NUT.

€4 308

ELEVATION OF NATURAL

GROUND AT #ELL

570.7
564.2
564.3

575.2
577.0
573.8
574.4
572.¢



€4 399

HYDROGEOLOGIC INVESTIGATION
CARSWELL AIR FORCE BASE
FORT WORTH, TEXAS

Texas State Plane Coordinate and Elevation
of
Test Wells,
Soil Gas Probes and
Sampling Points

July 10, 1990

LAND SURVEYING &
TOPOGRAPHIC MAPPING
E-6 {8171 928-0211 - Matro 429-5112

P.D. Box 31374 * 3908 South Freeway
fort wonn, Teaas 78310

[gumm & CRAWFORD



NUMBER

LF05-01
LF05-02
LF05-03
LF05-04
LF05-05
LF05-06
LF05-07
LF05-08
LF05-09
LF05-10
LF05-11
LF05-12
LF05-13
LF05-14
LF05-15
LF05-16
LF05-17
LF05-18
LF05-19

NUMBER

LF05-S1
LF05-S2
LF05-S3
LF05-S4
LF05-S5
LF05-S6
LF05-57

TYPE

WELL
WELL
BORE
BORE
BORE
BORE
BORE
BORE
BORE
BORE
BORE
BORE
BORE
WELL
BORE
BORE
BORE
WELL
WELL

STAFF GAUGE

NORTH "Y"

399,361.2414
399,280.6409
399,182.0957
399,313.9245
399,388.4921
399,156.8559
399,192.7306
399,030.3142
398,918.3183
398,656.8688
398,619.9398
398,699.0930
398,406.7661
398,467.5329
398,082.8055
398,229.3914
398,317.2267
398,169.3001
397,850.5705

SITE LFOS5S

EAST "X"

2,018,791.3828
2,019,492.0018
2,019,488.6372
2,019,719.9840
2,019,785.8488
2,020,129.6754
2,020,230.2232
2,020,350.8946
2,020,361.5966
2,019,456.1935
2,020,446.5081
2,020,606.7127
2,020,738.5442
2,020,910.0778
2,019,457.4908
2,021,041.6970
2,021,241.4299
2,021,280.2972
2,021,663.8519

SURFACE WATER SAMPLES

NORTH "Y"

399,327.1085
399,092.2352
398,638.2009
398,564.4359
398,383.9429
398,458.7264
397,873.1003

398,445.2564

EAST "X"

2,020,155.2125
2,021,029.0375
2,020,666.7173
2,020,956.6955
2,021,422.4749
2,021,661.6152
2,021,549.6706

2,021,286.7444

ELEVATION OF FLOWLINE OF CREEK AT GUAGE
WATER ELEVATION AT GUAGE

ELEVATION OF 1°'

NUMBER

LF04-01
LF04-02
LF04-03

LF04-04
LF04-05
LF04-06
LF04-07
LF04-08
LF04-09
LF04-10

TYPE

WELL

WELL

PUMP
TEST WELL

WELL
BORE
BORE
BORE
BORE
BORE
WELL

MARK ON GUAGE

SITE LF04

NORTH "Y"

397,653.5721
397,732.5422

397,683.4611

397,554.5294
397,347.9116
397,210.6006
396,819.7427
396,935.0825
397,136.0543
397,025.3443

EAST "X"

2,019,579.1905
2,020,510.5024

2,020,506.7895

2,021,365.8226
2,020,805.4209
2,020,593.2486
2,020,897.2163
2,021,021.9109
2,021,145.6966
2,021,275.0320

ELEVATION
TOP OF PVC

621.96
622.69 _

602.98 -

611.84
606.08

ELEVATION
TOP OF PVC

629.24 -
623.68 -

623.25

612.07

626.54

€4 310

ELEVATION
NATURAL
GROUND AT
WELL/BORE

619.3
620.0
620.6
617.3
616.1
598.3
598.0
606.8
604.9
623.9
597.6
594.4
605.0
603.2
626.5
612.3
606.5
612.1
606.3

ELEVATION
OF WATER

590.25
584.73
591.07
591.21
578.89
576.63
589.7

578.2
579.07
579.44

ELEVATION
NATURAL
GROUND AT
WELL/BORE

626.5
621.0

620.5

609.4
608.8
613.3
630.4
630.0
627.4
626.9



NUMBER

ST14-01
ST14-02
ST14-03
ST14-04

NUMBER

SD13-01
SDl3-02
SD13-03
SD13-04

NUMBER

SD13-sl
SD13-S2
SD13-S3
SD13-54

TYPE

WELL
WELL
WELL
WELL

TYPE

WELL
WELL
WELL
WELL

SITE ST14

NORTH "y*"

399,886.0854
400,102.4353
400,672.3650
400,231.5326

EAST "X"

2,024,309.3181
2,024,311.8094
2,024,116.0939
2,024,566.4807

SD13

NORTH "¥Y*

399,964.3693
400,058.5313
399,934.0917
399,931.9664

EAST "X*"

2,024,842.2218
2,024,974.4094
2,024,919.8140
2,024,992.0174

SURFACE WATER_SAMPLES

NORTH "Y*

399,722.7878
399,729.5605
399,747.0566
399,757.2157

EAST "X"

2,025,153.1150
2,025,176.1395
2,025,235.6200
2,025,270.1565

ELEVATION

TOP_OF PVC

575.89 -
575.64 .
576.72
575.74

ELEVATION

TOP OF PVC.

573.24
573.39
571.54
569.24

€4 311

ELEVATION
NATURAL
GROUND AT

WELL/BORE

573.2
572.7
574.83 ASP
572.9

ELEVATION
NATURAL
GROUND AT

WELL/BORE

570.3
570.64 ASP
568.6
566.81 ASP

WATER
ELEVATION

551.64
551.14
549.72
548.95
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APPENDIX F

Aquifer Pump Test Results
June 1990 Pump Test

F-1
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1.0 INTRODUCTION

The IRP Phase I and Phase Il investigations have identified the
Flightline Area at Carswell AFB as an on-base site where past waste disposal
practices may have led to contamination of soils and ground water. These
studies have identified a need to understand the hydrogeologic framework
controlling the occurrence of ground water and the factors influencing the
direction and rate of ground-water flow. Therefore, an aquifer pumping and
recovery test was conducted at the Flightline Area during June, 1990 as part
of an on-going IRP Remedial Investigation/Feasibility Study (RI/FS). The
objective of the aquifer tests was to determine the hydraulic characteristics
of the shallow ground-water bearing zone (Upper Zone Aquifer). The following
sections describe the geologic setting of the Flightline Area, aquifer test

procedures, and test results,

1.1 Principles of Aquifer Pumping Tests

The value of an aquifer as a source of ground water depends upon
water quality and the capacity of the aquifer to store and transmit water.
The latter two characteristics are referred to as the properties of storage
and transmissivity. The transmissivity is a function of an aquifer’s
hydraulic conductivity. The hydraulic conductivity is defined as the flow of
water in cubic feet per day through a cross-sectional area of one square foot
under a hydraulic gradient of one foot per foot (Davis and DeWeist, 1966).
Hydraulic conductivity has the dimensions of length/time, or velocity, and is

expressed in the units of feet per day.

Transmissivity is a measure of the volume of water which will flow
each day through a one~foot wide vertical strip of aquifer which extends the
fall saturated height of the aquifer. The transmissivity is equal to the
product of the hydraulic conductivity and the saturated thickness of the
aquifer, and indicates the capacity of the aquifer as a whole to transmit

water (Theis, 1935).
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The storage coefficient is a dimensionless term defined as the
volume of water the aquifer releases from or takes into storage per unit
surface area of the aquifer per unit change in the component of head normal to
that surface (Walton, 1962). The storage coefficients of unconfined aquifers
(e.g., water table aquifers), such as the Upper Zone Aquifer in the Flightline
Area, usually range from 0.05 to 0.30 (Ferris, et al., 1962). Unconfined
aquifers usually have higher values for storage coefficients than confined
aquifers, and these higher values reflect that releases from storage represent
mostly pore dewatering, whereas in confined aquifers, releases from storage
represent the effects of water expansion and aquifer compaction due to changes
in fluid pressure (Freeze and Cherry, 1979). The storage term for unconfined

aquifers is also known as the specific yield.

Storage and transmissivity are commonly determined by conducting
aquifer tests in wells completed in water-bearing units. Aquifer testing may
include constant discharge pump tests, variable rate (step) discharge tests,

constant drawdown tests, water level recovery tests, and slug tests.

At the Flightline Area, a constant discharge pump test and water-
level recovery tests were conducted to determine the hydraulic properties of
the geologic units which contain contaminated ground water. 1In a constant
discharge pump test, a well is pumped at a constant rate and water levels are
measured for the duration of the test in the pumping well and in the obser-
vation wells which penetrate the water-bearing unit. During the recovery
test, the change in the water levels in the wells are recorded after cessation
of pumping until near static water levels are attained. Graphs of drawdown
and recovery versus time after pumping started and stopped are compared to
graphs calculated from mathematical aquifer models to estimate the aquifer

parameters.
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2.0 GEOLOGIC SETTING

The geologic setting of the Flightline Area at Carswell AFB is
described in detail in the main body of this report. Specifically, Section
3.3 provides information about the geologic setting, topography, and strati-
graphy. Section 3.4 contains a detailed description of the hydrogeology for
the Flightline Area. The reader is referred to these sections prior to

proceeding with the remainder of this appendix.

The following paragraphs are provided to supply additional infor-
mation about the subsurface conditions in the area immediately affected by the

aquifer tests.

Soil boring data collected during well installation in the vicinity
of the aquifer test location has revealed a coarsening downward sequence of
lithologies from land surface to bedrock, which is comprised of the Goodland

and Walnut Formations.

The deposits from the surface to bedrock (referred to as "Upper
Zone" deposits) are generally 30 to 40 feet thick and consist of 10 to 15 feet
of fine grained materials (clay and silt) underlain by 20 to 30 feet of sands
and gravels. The thickest sequence of coarser grained materials (sands and
gravels) is generally oriented in an east to west trend through the Flightline
Area, roughly paralleling White Settlement Road. These deposits are uncon-
solidated and coarsen downward to predominantly limestone and chert gravels at

the contact with the underlying bedrock.

Bedrock of the Goodland and Walnut Formations consists of inter-
bedded, fossiliferous, hard limestone and calcareous shale. The thickness of
the Goodland and Walnut Formations in the vicinity of the pumping test
location is approximately 30-40 feet. The Goodland and Walnut Formations have
been dry when sampled during drilling activities in the area, and with the
thickness and hardness of the formations they are believed to form an effec-
tive confining layer between the Upper Zone water-bearing deposits and the

underlying water-bearing sands of the Paluxy Formation.
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The water-bearing zone (Upper Zone Aquifer) immediately adjacent to
the pumping well (LF04-03) is an unconfined, or water-table, aquifer. The
water table as encountered in the subsurface is under atmospheric pressure,
and wells completed in the aquifer will reflect the actual water level. This
is in opposition to confined aquifers where wells tapping the aquifer may have

water levels considerably above the top of the aquifer.

Water levels from wells LF04-02 and LF04-03 were electronically
monitored during the pump test and recovery test. The lithologic logs of

these wells and well construction data are located in Attachment A.

Well LF04-03, the pumping well, is screened across the lower 14.3
feet of Upper Zone sediments. These sediments are mainly medium grained sand
with minor gravels in the upper 10 feet of screened interval, and the lower
section of the screen is across predominantly small pebble size gravels (< 10%

sand).

Well LF04-02, 50 feet north of the pumping well and the nearest
observation well, is screened across similar units as LF04-03. This well also
has 14.3 of screen. Again, the screened interval encompasses medium sands,
however, the gravel content is not as high near the bottom of the screened

interval (approximately 5% gravels) as in LF04-03.

The water table, prior to the start of the aquifer test, occurred
approximately 25 feet below land surface in the vicinity of the pump test
location. The saturated thickness of the Upper Zone Aquifer was calculated to

be 11.7 at the pump well (LF04-03).

In addition to the pump well and near observation well, seven other
monitor wells in the vicinity of the pump test location were used as obser-
vation wells. These wells are all screened across Upper Zone Aquifer sedi-

ments, and vary in distances of 100 to 450 from the pump well (Figure 2-1).
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3.0 FIELD INVESTIGATION
3.1 Pumping Test Procedures

The Flightline Area aquifer pump test was conducted June 21-22,
1990 and ran for 20 hours. The recovery test, which started with the ces-

sation of the pump test, ran for 7 2/3 hours.

3.1.1 Discharge Water

Discharge water produced during the pump test was run through over
300 feet of polyethylene pipe before being routed into the City of Fort Worth
sewer system. Pumping rates were measured approximately every hour using a
bucket and stopwatch (volumetrically). The temperature, pH, and conductivity
of the discharge water was also measured regularly. The discharge of the pump
remained constant through the test, with measured discharges (17) varying from
17.9 to 18.7 gallons-per-minute (gpm). The averaged discharge was 18.3 gpm,

leading to an approximate total discharge of 22,000 gallons during the pump
test.

At the request of the City of Fort Worth Water Department, the

discharge water was aerated for removal of volatile organic compounds (VOCs).

Aeration of the pump test discharge water, prior to sanitary sewer
discharge, was accomplished with a trailer mounted 125 cfm air compressor.
Air from the compressor was routed to a small holding pond which was receiving
water from the pumping well. A hole in the top of the holding pond (swimming

pool) allowed for discharge of the aerated water to the sewer system.

Periodically during the pump test, water samples going into the
holding pond (pre-aeration) and exiting the pond (post-aeration) were col-
lected. These samples were collected in 40 ml VOA vials, filling each
approximately 2/3's with water. These water samples were then allowed to sit

in the open sun for several hours prior to a headspace analysis for volatile
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organic content. The time spent in the sun allowed volatile organics in the
ground-water samples to volatilize to the overlying air column. The volatile
organic content of the air (headspace) was then measured with an HNu photo-
ionization detector (PID). This was accomplished by cutting a small slit in
the Teflon™ septum in the cap of the vial and quickly inserting the probe of
the HNu PID. Table 3-1 summarizes the results of the headspace analyses

performed on the discharge water samples from the Flightline Area pump test.

As seen from the table, the aeration of the pump test water prior
to discharging to the city sewer system reduced the volatile organic content
of the water in every sample analyzed. The average reduction, considering all
the analyses, was slightly over 40 percent. The HNu PID is not compound
specific, instead measuring the total volatile organic content in the air.

The instrument was responding very well, and duplicate (D) analyses performed

on the samples from 1630 showed only a three percent relative difference.

3.1.2 Test Types and Measurements

Background water-level data in the pumping well and the near
observation well were collected electronically (at 10-minute intervals) for
approximately 40 hours with a Hermit electronic data logger prior to the step
test. The background data are useful for observing natural trends in the
Upper Zone Aquifer water level, such as increases from recharge or decreases
due to evapotranspiration. A slight downward trend in water levels, followed
by a slight recovery, was observed in wells LF04-02 and LF04-03. The back-
ground water level data for the two wells, as well as hydrographs showing the

natural water level trends, are included in Attachment B.

A step test was performed prior to the start of the pumping test to
establish the optimum pumping rate. The optimum pumping rate for the Flight-
line Area pumping test set-up was determined to be the full capacity of the
submersible pump (Gould 1/2 HP, Model 10 EJ), or approximately 20 gallons per

minute. The pump was rated at approximately 25 gpm (with the amount of
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HEADSPACE ANALYSIS
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HNu Value (ppm)

Time Sample Water Going Water Going Time Sample Background
Taken Into Pool Into Sewer Analyzed HNu Reading
0945 20+ 2-3 1515 0.1
1030 4.5 3.8 1525 0.0
1130 4.6 3.3 1530 0.0
1315 9.4 2.2 1535 0.0
1430 11.6 7.9 1910 0.0
1530 10.3 6.0 1912 0.0
1630 10.4 7.3 1915 0.0
1630 (D) 10.3 7.5 1918 0.0
1915 12.0 6.8 2120 0.0

(D) - Denotes duplicate sample
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hydraulic head encountered in the pumping well); however, travel of discharge
water through over 300 feet of polyethylene pipe before ultimate discharge to

the sewer system reduced discharge rates proportionately.

The pump test followed the end of the step test by about 16 hours,
and measured water levels had recovered to over 99 percent of their pre-step
test level. The 4-inch submersible pump (used in pump and step test) was

powered by a 3500 watt portable generator.

During both the pumping and recovery tests, water levels in the
pumping well (LFO4-03) and the near observation well (LF04-02) were recorded
using pressure transducers and an automatic data logger (Hermit Model 1000B).
The Hermit collected water-level data for the two wells, for both the pump and
recovery test, is included in Attachment C. Water levels were also manually
measured in surrounding monitor wells with a calibrated Olympic electric
water-level probe. The water-level probe was decontaminated prior to each
water-level measurement. The water levels in the pumping well and near
observation well were also checked regularly with the Olympic meter to verify
the accuracy of the Hermit data logger. The manual water-level measurements
are provided in Attachment D. The maximum water-level decline observed in the
manually measured observation wells was 0.09 feet (LFO4-4E). Hydrographs of
the water levels in the observation wells during the pump test are also

provided in Attachment D.

As seen from the hydrographs, there appears to be a slight water-
level rise around 700 minutes into the pump test. The timing of the water-
level rise corresponds with a decrease in barometric pressure. Figure 3-1
shows the barometric pressure plotted with the water levels measured in well
LFO4-4H. This pressure phenomenon appears to have had a slight effect on the
water level of the Upper Zone Aquifer, but the barometric pressure goes back
up to roughly the same value as when pumping started by the end of the pump
test. The overall trend of water levels does not appear to have been affected
significantly by the pressure fluctuations. Unconfined aquifers are naturally

less affected by barometric pressure fluctuations than confined aquifers.
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4.0 TEST RESULTS
4.1 Analytical Methods and Assumptions

The data obtained during the June 1990 Upper Zone aquifer pumping
test were analyzed by several methods. 1In addition to field plotting of
drawdown and distance drawdown measurements, a computer aquifer analysis
program was used. The well hydraulics interpretation program used was WHIP™,

which has the ability to simulate and analyze both drawdown and recovery

tests.

Attempts were initially made to interpret the pump test data using
the techniques of Boulton (1963) and Neuman (1975) for unconfined aquifers.
These techniques consider the effects of gravity drainage in an unconfined
aquifer, which result in a delayed yield of ground water to the well and a
corresponding fluctuation in the time-drawdown data curve. As can be seen
from Figure 4-1, delayed yield was not pronounced (if evident) in the loglog
plot of the near observation well drawdown. Attempts at matching respective
portions of the drawdown curve with various Type A and Type B curves met with
no success. Therefore, in the analysis of unconfined aquifer data showing no

apparent delayed yield, the techniques of Theis and Cooper-Jacob were applied
to the data.

The Theis and Cooper-Jacob analyses were used as both field methods
and in later data analysis for estimating aquifer parameters. Time versus
drawdown for observation wells were plotted on semi-log paper. From this
plot, the change in drawdown over a particular log cycle was used in the

calculation of aquifer transmissivity and storativity, using the equations:

T - 2.3Q and S - 2.25T¢t,
4xoh v?
where: T = transmissivity

Q = pumping rate

Ah = the drawdown for one log cycle
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S = storativity
t, = time intercept where the drawdown line intercepts the zero
drawdown axis

v = radial distance from the pumping well to observation well

The WHIP™ diagnostic procedures also use semilog drawdown (Cooper-
Jacob) analyses and Theis recovery analyses to obtain preliminary estimates of
the transmissivity and storage coefficient. Theis curves are generated using
these values and are graphically compared to the observed data. Portions of
the generated curves can be "windowed" so only reliable data are used for the

generation of final transmissivity and storage coefficient values.

In addition to standard semilog and loglog plots, the effects of
various time transformations on the data as well as first and second deriv-
atives of the drawdowns were performed. Observing the derivative drawdown
plots was useful for determining that portion of the test data displaying
Theis behavior. Additionally, the Dupuit correction for water table con-
ditions was applied to all computer analyses and the initial estimates of
transmissivities and storage coefficients were optimized using an ordinary
least squares fitting criterion. This correction minimizes irregularities
inherent in field generated data to improve computer aided curve matching

techniques and allow greater accuracy in the calculation of aquifer par-

ameters.

Three different computer generated plots and analyses were deter-
mined to best represent the Upper Zone aquifer hydraulic properties of
transmissivity and storage coefficient. These were the observation well
(LFO4-02) drawdown and recovery analyses and the pumping well (LF04-03)

recovery analysis.

Seven additional monitor wells were measured for response to the

pumping well and there was little if any noted.
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4.2 Water Level Behavior in Pumping Well and Near Observation Well

The observed maximum drawdown was 3.58 feet in the pumping well and
0.20 feet in the near observation well, located 50 feet north of the pumping
well.

4.3 Results

The results of the computer-assisted pump test analyses are pre-
sented in Table 4-1. The drawdown and recovery curves for the observation
well were analyzed as well as the recovery curve for the pumping well. The
average values for the parameters of transmissivity and hydraulic conductivity
and a value for storage coefficient are shown on the table. The averaged
values are representative of the types of aquifer materials encountered (clean
sands and gravels). The WHIP™ generated plots for the analyses are provided

in Attachment E.
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ATTACHMENT A

Lithologic Logs and Well Completion Forms
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEEY 1 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. YOTAL DEPTH OF HOLE: 37.7 ft BGL 1
| 1RP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: ses level 1
1 2. LOCATION: Flightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL:  Mobile pritl B-61 1
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 1
| 4. HOLE NO.: LFO04-02 | 11. ELEVATION GROUND WATER: 597.45 ft MSL (6/18/90) 1
| 5. NAME OF GEOLOGIST: S. E. Fain _| 12. DATE MOLE ESTABLISHED: 3/2B/90 1
[ 6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 621.00 ft MSL 1
i X3 2020510.50 Y: 397732.54 | 14. BACKGROUND: 1
| | 1S. MEASURING POINT ELEVATION:  623.68 ft MSL 1
|[Depth| Graphic | Blow | Soil | | |
1¢Fe. Log Count |Class/Code |Visual Description | Remarks 1
| 0 V | uscLLr Ictay: Dark brown, silty, firm, roots, damp, |Full samplers |
| / | |carbonaceous staining. Juntes noted. |
| I I I I
| I I I !
| 2 | uscLLr [Clay: As above; at 3.0 ft. going to orange/brown, silty | |
| | lctay with 5 - 10% calcareous material. | |
| I | I |
I | [ ! |
| & | U/CLLR  [Clay: As above. |1.5 ft. Recovery |
| / | | I |
| I ! | !
| I | { |
| 6 | Uu/cLLR |Clay: Orange/brown, very silty, minor very fine grained | |
| | |sand, stiff, calcareous nodules, carboaceous streaking. | |
| I | I !
| | | I |
| 8 | U/CLLR |Clay: As above, increasing calcareous meterial to 30%. | |
| I I | |
I | I I |
I I | I I
| | | | I
! L | | | 1
] 11 OO(I | u/sbGr |sand and Gravel: Orange, very poorly sorted, cohesive, | |
T S | |ctayey, silty, damp, abundant calcareous material. | |
! Q'Q'.Od ! | | |
I OO 1 | | |
] 13 DOO | u/sDLR |sand: Orange, fine grained, minor targer sizes to | |
| -O-0-q | |coarse, stightly clayey and silty, damp. | |
| 13.500-0-0 | U/SDLR  |sand: As above, increasing coarseness with depth, 5 - | |
] OOU | |10X small gravels. | |
I Boo | ! | |
} .0-0O-( I | | |
I 5-0-0 | | I I
} 16.58% -~ | Uu/sSDLR |sand: As above, gravelly; changing to tan, fine to | |
| OOQ ] |medium grained, (oose, quartzose at 18.0 ft., damp. | |
1 200 | | | |
I 110-0 | | | |
} 18.5 DOO | U/SOLR |sand: As above, well sorted, medium grained, damp; 0.4 |3.5 ft. Recovery |
| .0-0- | |ft gravelly zone st 21.5 - 21.9 ft. | |
| [j.tj.tj | | | |
I .tj.(j.q ! I | |
CBed | : :
SR
| E)-Q‘-Q'-I | | ! l
MONS!
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ODRILLING LOG

| RADIAN CORPORATION

INSTALLATION: CARSWELL AFB, TX ] SHEET 2 OF 2 SHEETS

1. PROJECT: CARSWELL AF8,

IRP_PHASE 11 STAGE 2

7. TOTAL DEPTH OF HOLE: 37.7 ft BGL

8. DATUM FOR ELEVATION SHOWN: ses level

. LOCATION:

Flightline Area

9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-61

. DRILLING AGENCY:

Envirormental Oritlers, Inc.

10. NO. OF SAMPLES TAKEN: 14

LFO4-02

11. ELEVATION GROUND WATER: 597.45 ft MSL (6/18/90)

. _NAME OF GEOLOGIST:

S. E. Fain

12. DATE HOLE ESTABLISHED: 3/28/90

2
3
4. HOLE NO.:
5
]

. COORDINATES OF HOLE:

2020510.50

Y:

397732.5¢4

13. SURFACE ELEVATION: 621.00 ft MSL

14. BACKGROUND:

15, MEASURING POINT ELEVATION: 623.58 ft MSL

[Depth| Graphic |
[(Ft.)

Blow
Count

I
|

Soil

Class/Code |Visual Description

Remarks

28.5[-

33.5

37

.....

I
I
I
|
|
I
I
I
I
I
|
I
I
I
|
I
I
|
I
I
I
I
I
I
!
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I

U/SOLR

U/SDOLR

U/SDLR

U/MARL

|

I

I

|

|

|sand: Orange/tan, medium grained, well sorted,
|subround, >90X quartz; 0.3 ft. gravelly zone at 27 ft.,
|saturated at 28 ft.

Sand: As above, 1-3X granule size gravel.

I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
|

|Sand: Ten, medium grained, qu-rtzose; Loose, wet, 5%
|gravels to 25 ma.

|

I

I

|

|

|Limestone: Marly, westhered sand and gravel intermixed,
|fissile.

4.0 ft. Recovery

|W. L. measured at
[28.1 ft. BLS, 5.0
| ft. Recovery

3.7 ft. Recovery.

|
|
|
I
|
|
|
|
|
I
I
|
|
|T.D. = 37.7 ft.
|
|
I
|
|
|
|
|
|
|
|

Uy USSP UpUUUPUI U S Sy N N S I S S
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| DRILLING LOG | RADIAN CORPORATIOM | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS i
| 1. PROJECT: CARSWELL AFB, ] 7. TOTAL DEPTH OF WOLE: 37.6 ft BGL 1
| IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobitle Drill B-61 |
| 3. DRILLING AGENCY: Environmental Driilers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 |
| 4. HOLE NO.: LF04-03 ]| 11. ELEVATION GROUND WATER: 597.58 ft MSL (6/18/90) }
| 5. NAME OF GEOLOGIST: S. B. Blount, S. E. Fain | _12. DATE HOLE ESTABLISHED: 3/20/90 |
| 6. COORDINATES OF HOLE: |_13. SURFACE ELEVATION: 620.50 ft MsL 1
| X: 2020506.79  Y:  397683.46 | 14. BACKGROUND: |
| | 15. MEASURING POINT ELEVATION:  623.25 ft MSL ]
|[Depth| Graphic | Blow | Soil | ! | |

Ft. Log Count _|Class/Code |Visual Description | Remarks |
] o ' | U/CLAY |Clay: Brown, soft to firm, semi-ptastic, with fine |Full recovery |
| | |rootlets and minor carbonaceous streaking and |unless otherwise |
| I |particles, moist to wet. |indicated. |
| | | | |
| 2 | u/CLAY |Clay: As above, firm to stiff (stiffens to bagse), minor |Too stiff to cut. |
| | |calcarecus debris, more abundant carbonaceous staining, | |
| | |very stiff; 3.8 - 4.0 ft. | |
| I | I |
| 4 | u/cLLR IClay: Orange/brown at 4.1 ft; brittle, damp, abundant |Hard pushing. |
| | |calcareous debris, slickensided, calichified with some | |
] ] Jauthigenic mineralization (crystals of CaCO3 in shell | ]
| | |fregs.); very hard, silty. | |
| 6 | u/cLLR IClay: As above, very stiff, slightly sandy and silty. | |
| | | | |
| | | | |
| | | | |
| 8 | uscLLr |Ctay: As above, few large CaCO3 pebbles (25 mm), |1 ft. recovery, ]
| | |increasing clacareous meterial with depth, very fine |ST. Rig broken. |
| | |9rained sand. |Continue after |
| | | |repairs. l
| 10 | usCLLR |Clay: Orange/brown, silty, cohesive, damp, > 30% |Catiche Layer at |
| | |catcareous material, stiff. |12 ft., drilling |
| | | | through. |
1 7 | l | |
| / | | | |
| 129 . . | U/sOFN |sand: Orange, fine grained, loose, damp, quartzose, | |
N PO | |wetl sorted; at 14.3 ft. sharp change to tan, very fine | |
| s | |grained sand, hesvily oxidized in laminse. | |
| | | | |
| 4.5 . - .. | ussanD |Sand: Orange, fine to medium grained, quartzose, damp, |3 ft. Recovery. |
i R ] |loose; gravelly seam 15 - 15.5 ft. ] |
| SO I | | |
| e e | | | |
R l l : |
| . | | I |
N | | I |
| ) ’ | | I I
| I | I |
| I | I |
| | U/sSOLR |Sand: Orange/tan, fine to medium grained, damp, loose, |& ft. Recovery. |
| ] jsubround, > 90X quartz, 1 - 3% smell gravel and shelis. | |
| I | I |
| | | I |
| | | | |
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| DRILLING LOG | RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS

| 1. PROJECT: CARSWELL AFB,

IRP PHASE 1 STAGE 2

| 7. TOTAL DEPTH OF HOLE: 37.6 ft BGL

| 8. DATUM FOR ELEVATION SHOWN:

sea level

Flightline Area

| 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61

. DRILLING AGENCY:

Envirormental Drillers, Inc.

| 10. NO. OF SAMPLES TAKEN: 14

LF04-03

_ 1| 11. ELEVATION GROUND WATER:

597.58 ft MSL (6/18/90)

. NAME OF GEOLOGIST:
. COORDINATES OF HOLE:

X:

2
3
4. HOLE NO.:
-]
6

2020506.79

Y:

397683.46

S. B. Blount, S. E. Fain

| 12. DATE HOLE ESTABLISHED: 3/20/90

| 13. SURFACE ELEVATION: 620.50 ft MsL

| 14. BACKGROUND:

| 15. MEASURING POINT ELEVATION:

623.25 ft MSL

|0epth| Graphic |
CFt.)

Blow
Count

I
|

Soil
Class/Code

Visual Description

Remarks

l
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
|
|
I
I
|
I
|
I
I
I
I
I
|
I
I
I
I
|
I
I
I
I
|
|
|
I
I
|

26.5%

32

37.5]

Log
OSDVE

-----

Sliefle

[
|
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
!
I
|
I
I
I
I
I
I
I
I
|
I
|
I
|
|
I
I
|
I
|
I
|
I
I

U/SDLR

U/SDLR

U/GRVL

U/GRVL

U/MARL

I
]
I
|
I
I
|
|
|

I
]
I
|
I
|
I
|

ISand: Orange/tan, fine to medium grained, wet, loose, [U. L. measured at
|0.5 ft. gravelly zone at 27 ft., quartzose; at 30 ft. |26.3 ft. Bls. 2.6

|Gravel: Varicolored, up to pebble size (30 mm), shells,

Sand: As above, saturated.

| <10% sand, saturated.

|Gravel: As above, mainly smell pebble size (5 - 10 mm),
|shells, subangular to subrounded, large percentage of

|chert.
I
I
I

|Mart: Chalky gray, indursted, oxidation stained

| throughout .

|ft. recovery.

3.2 ft. Recovery.

I
I
I
I
I
|
|
|
I
|
|
I
I
I
I
I
I
|
I
I
I

|sampler refusal at
|37.5 ft., drove 1
[172 in. s.S. S0
|blows = 1 in.; T.D.
|= 37.6 ft.
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| WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB 1
| 1. PROJECT: IRP PHASE I1 STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/28/90 Il
| | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN 1
| 2. LOCATION: Site LFO4 | 11. 20NE OF COMPLETION: Aquifer |
| 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 20.90 ft ]
| 4. WELL NO.: LF04-02 | 13. MEAS. POINT ELEV.: 623.68 ft MsSL |
| 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in |
| 6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC |
| 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 23.10 ft 1
| 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in |
| 18. REMARKS: 1-10/x2%x0.02" Screen,3-10/x2" Risers,1-Cut piece (~0.4’),1-Locking Cap, 1-bottom Cap |
1 ' |
I |
| TOP OF CASING ]
| I | |
| GROUND SURFACE ] ] |
I 1 | I I I 1 |
| | I I I I | |
| | BACKFILL MATERIAL: | | | | | |
| | Cement-Bentonite Grout | | | | | i
| ! | I | | I |
| | BN | | | |/___ BOREHOLE DIAMETER: | ]
| | | | | AN 8.000 in | |
| BOREHOLE | | | | | |
| DEPTH: I | | ! ! I
I 37.70 ft I I I | | |
| | | | | | SEAL MATERIAL: | |
| I I | I | Bentonite I |
| | | ] ] | | |
I | 1 | I | | I |
| | SEAL LENGTH: | | | | | |
| | 2.00 ft | | | | CASING DEPTH: |
| | I I | | | 37.65 ft |
| | ¥ I | L1 I I
| | 1 I | | | | |
| | I I | | | I |
I I I I | | | | I
| | | | I — | t I |
I | I I | | | | I |
| | I I b | I I |
| I | I | I | I I I
| | | | b | SCREEN LENGTH: | |
| ! I | | I | 16.35 ft | |
| | FILTER PACK | I — |- | | | |
I I LENGTH: | I | | | |
| I 16.80 fr | I — | | | I |
I I I | 1 | ¥ | |
| ! I | | | I t | |
| ! | I | | | | I I
| | | | | ] | BLANK LENGTH: | ]
I | I I | | | 0.20 ft I |
| I I I I | I | | |
| ! I | 1 | ¥ ¥ I
| | I | | |
! ¥ ¥ 1 1 |
| I
| FILTER PACK MATERIAL: B8-20 Silica Sand |
1 |
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WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB

1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 4/3/90

| 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

2. LOCATION: Site LFO4 | 11. 20ME OF COMPLETION: Aquifer

3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 19.40 ft

4. WELL ND.: LF04-03 | 13. MEAS. POINT ELEV.: 623.25 ft MSL
5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 6.00 in

6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 80 PVC
7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 22.40 ft

8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1x10’x6" PVC 0.020 screen, 1x5/xé% screen, 2x10'x&% PVC riser, 1x5/x6" riser.

TOP OF CASING

FILTER PACK MATER]AL: 8-20 Silica Sand

l

I

|

|

[

|

|

|

|

]

I

|

|

I

I |

| GROUND SURFACE | |

I t I I | I t
| I I I | I |
| | BACKFILL MATERIAL: | | | | |
| [ Cement-Bentonite Grout | | | | |
I I I I I | |
| | — | | |/___ BOREHOLE DIAMETER: |
| ! /| | [ 14.500 in |
| BOREHOLE | | | | |
| DEPTH: | | | | |
| 37.52 ft | | | | |
| | | | | | SEAL MATERIAL: |
| | | | | | Bentonite |
| | 1 | l |
| | t I I I | I
| [ SEAL LENGTH: | | | | |
| | 2.30 ft | | | | CASING DEPTH:
I | | I I I I 37.42 ft
! | ¥ L1 | | |
I I t I I | | I
I | | I I I | |
I | | I B | |
I I I I I — | | t |
I | I I fo | | I |
I I I I I — | I I |
I I I I |—| I | |
| | I | I — | SCREEN LENGTH: |
I I I I — I 14.26 ft I
| | FILTER PACK | I — | | | |
| | LENGTH: I | I | I
I | 18.12 fr | I — I | I
I | | | | | Y |
I | I I I I I t |
| | I I I I | | I
| | | | | | | BLANK LENGTH: |
I | | I I I | 0.76 fr I
I | | I I I I | I
I | I I ) | | J ¥
| | I I |

| 4 ¥ | |

I

I

}
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ATTACHMENT B

Background Water-Level Data and Hydrographs
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=Zackground water level data - Pumping well

Time Time Time Time
minutes minutes minutes minutes

0 0 600 -0.05 1200 -0.06 1800 -0.08
10 -0.01 610 -0.05 1210 -0.07 1810 ~-0.08
20 -0.01 620 -0.05 1220 -0.07 1820 -0.08
30 -0.02 630 -0.05 1230 -0.07 1830 -0.08
40 -0.02 640 -0.05 1240 -0.06 1840 -0.07
50 -0.02 650 -0.05 1250 -0.06 1850 -0.08
60 -0.03 660 -0.05 1260 -0.06 1860 -0.08
70 -0.03 670 -0.05 1270 -0.07 1870 -0.08
80 -0.03 680 -0.04 1280 -0.07 1880 -0.08
50 -0.03 690 -0.04 1290 -0.07 1890 -0.08
100 -0.03 700 -0.03 1300 -0.06 1900 ~-0.08
110 -0.03 710 -0.03 1310 -0.08 1910 -0.08
120 -0.03 720 -0.03 1320 -0.07 1920 ~-0.08
130 -0.03 730 -0.05 1330 -0.06 1930 -0.08
140 ~-0.03 740 -0.03 1340 -0.08 1940 ~0.08
150 -0.03 750 -0.03 1350 -0.08 1950 ~-0.08
160 -0.03 760 -0.03 1360 -0.08 1960 -0.08
170 -0.03 770 ~-0.03 1370 -0.08 1970 -0.08
180 -0.04 780 -0.03 1380 -0.09 1980 -0.08
190 -0.04 790 -0.03 1390 -0.08 1990 -0.08
200 -0.03 800 -0.03 1400 -0.08 2000 -0.08
210 -0.04 810 -0.03 1410 -0.08 2010 -0.08
220 ~0.04 820 -0.03 1420 -0.09 2020 -0.08
230 -0.04 830 -0.03 1430 -0.08 2030 -0.08
240 -0.04 840 -0.03 1440 -0.09 2040 -0.08
250 -0.04 850 ~-0.03 1450 -0.09 2050 -0.08
260 -0.04 860 -0.03 1460 -0.09 2060 -0.07
270 -0.04 870 -0.03 1470 -0.09 2070 -0.07
280 -0.04 880 -0.03 1480 -0.09 2080 -0.07
290 -0.05 890 -0.03 1490 -0.09 2090 -0.06
300 -0.04 900 -0.03 1500 -0.09 2100 -0.07
310 -0.04 910 -0.03 1510 -0.09 2110 -0.06
320 -0.05 920 -0.03 1520 -0.09 2120 -0.06
330 -0.05 930 -0.03 1530 -0.09 2130 -0.06
340 -0.05 940 -0.03 1540 ~-0.08 2140 -0.06
350 -0.05 950 -0.03 1550 -0.08 2150 -0.06
360 -0.05 960 -0.03 1560 -0.08 2160 -0.06
370 ~-0.05 970 -0.05 1570 -0.08 2170 -0.06
380 -0.05 980 -0.03 1580 -0.08 2180 -0.06
390 -0.05 990 -0.04 1590 ~-0.08 2190 -0.06
400 -0.05 1000 -0.04 1600 -0.07 2200 -0.05
410 -0.05 1010 -0.05 1610 -0.07 2210 -0.05
420 -0.05 1020 -0.05 1620 -0.07 2220 -0.05
430 -0.05 1030 -0.05 1630 -0.07 2230 -0.06
440 -0.05 1040 -0.05 1640 ~0.07 2240 -0.06
450 -0.05 1050 -0.05 1650 -0.07 2250 -0.06
460 -0.05 1060 -0.06 1660 -0.07 2260 -0.06
470 -0.05 1070 -0.05 1670 -0.07 2270 -0.06
480 -0.05 1080 -0.06 1680 -0.07 2280 -0.06
490 -0.05 1090 -0.06 1690 -0.07 2290 -0.05
500 -0.05 1100 -0.06 1700 -0.08 2300 -0.05
510 -0.05 1110 -0.06 1710 -0.07 2310 -0.05
520 ~0.05 1120 -0.06 1720 -0.08 2320 -0.06
530 -0.05 1130 -0.05 1730 -0.08 2330 -0.05
540 -0.05 1140 -0.06 1740 -0.07 2340 -0.05
550 -0.05 1150 -0.06 1750 -0.08 2350 -0.06
560 -0.05 1160 -0.06 1760 -0.08 2360 -0.06
570 -0.05 1170 -0.06 1770 -0.07 2370 -0.06

580 -0.05 1180 -0.05 1780 -0.08

590 -0.05 1190 -0.06 1790 -0.08
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Background water level data - Observation well

Time Time Time Time
minutes minutes minutes minutes
0 0 600 0 1200 -0.03 1800 -0.01
10 0 610 -0.02 1210 -0.05 1810 -0.01
20 0 620 -0.01 1220 -0.05 1820 -0.01
30 -0.01 630 -0.01 1230 -0.04 1830 -0.01
40 0.01 640 -0.01 1240 -0.04 1840 -0.01
50 0.01 650 -0.01 1250 -0.03 1850 -0.02
60 0 660 -0.01 1260 -0.03 1860 -0.01
70 0 670 -0.01 1270 -0.04 1870 -0.01
80 0 680 0 1280 -0.04 1880 -0.01
90 0 690 0 1290 -0.03 1890 -0.01
100 0 700 0 1300 -0.03 1900 -0.01
110 0 710 0 1310 -0.05 1910 -0.01
120 0 720 0 1320 -0.04 1920 -0.01
130 0 730 -0.01 1330 -0.03 1930 -0.01
140 0 740 0.02 1340 ~0.05 1940 -0.01
150 0 750 0 1350 -0.05 1950 -0.01
160 0 760 0.01 1360 -0.05 1960 -0.02
170 0 770 0 1370 -0.05 1970 -0.01
180 0 780 0 1380 -0.05 1980 -0.01
190 0 790 0 1390 -0.05 1990 -0.01
200 0 800 0.01 1400 -0.05 2000 -0.01
210 0 810 0 1410 -0.05 2010 -0.01
220 0 820 0 1420 -0.05 2020 -0.01
230 0 830 0 1430 -0.05 2030 -0.01
240 0 840 0 1440 -0.05 2040 -0.01
250 0 850 0 1450 -0.05 2050 -0.01
260 0 860 0 1460 -0.05 2060 -0.03
270 0 870 0 1470 -0.05 2070 -0.03
280 0 880 0 1480 -0.05 2080 -0.03
290 0 890 0 1490 -0.02 2090 -0.02
300 0 900 0 1500 -0.02 2100 -0.02
310 0 910 0 1510 -0.03 2110 -0.02
320 0 920 0 1520 -0.03 2120 -0.01
330 0 930 0 1530 -0.02 2130 -0.03
340 0 840 0 1540 -0.02 2140 -0.02
350 0 950 0 1550 -0.02 2150 -0.02
360 0 960 -0.01 1560 -0.02 2160 -0.02
370 0 970 -0.02 1570 -0.01 2170 -0.02
380 0 980 0 1580 -0.01 2180 -0.01
390 0 990 -0.01 1590 -0.01 2190 -0.01
400 0 1000 0 1600 -0.01 2200 -0.01
410 0 1010 -0.02 1610 -0.01 2210 -0.01
420 0 1020 -0.02 1620 -0.01 2220 -0.01
430 0 1030 -0.03 1630 -0.01 2230 -0.01
440 0 1040 -0.02 1640 -0.01 2240 -0.01
450 0 1050 -0.01 1650 -0.01 2250 -0.01
460 0 1060 -0.05 1660 -0.01 2260 -0.02
470 0 1070 -0.01 1670 -0.01 2270 -0.02
480 0 1080 -0.03 1680 -0.01 2280 -0.02
430 0 1090 ~-0.03 1690 -0.01 2290 -0.01
500 0 1100 -0.03 1700 -0.01 2300 -0.01
510 0 1110 -0.03 1710 ~0.01 2310 -0.02
520 0 1120 -0.02 1720 -0.01 2320 -0.02
530 0 1130 -0.01 1730 -0.01 2330 -0.02
540 0 1140 -0.03 1740 -0.01 2340 -0.01
550 0 1150 -0.04 1750 -0.01 2350 -0.03
560 0 1160 -0.05 1760 -0.01 2360 -0.02
570 0 1170 -0.03 1770 -0.01 2370 -0.02
580 0 1180 -0.02 1780 -0.02
590 0 1190 -0.03 1790 -0.02
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ATTACHMENT C

Hermit Collected Water-Level Data for
Pump and Recovery Tests
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Pumping well drawdown - Pump test

Time  Drawdown Time Drawdown Time Drawdown Time Drawdown
minutes ft. minutes ft.  minutes ft. minutes ft.
0.0000 0.58 5.5 3.65 110 3.94 660 4.05
0.0033 0.42 6.0 3.67 120 3.94 670 4.03
0.0066 0.50 6.5 3.67 130 3.95 680 4.05
0.0099 0.51 7.0 3.69 140 3.95 690 4.06
0.0133 0.54 7.5 3.70 150 3.95 700 4.05
0.0166 0.63 8.0 3.70 160 3.97 710 4.06
0.0200 0.63 8.5 3.7 170 3.97 720 4.05
0.0233 0.65 9.0 3.72 180 3.96 730 4.05
0.0266 0.68 9.5 3.72 190 3.98 740 4.06
0.0300 0.71 10 3.73 200 3.96 750 4.05
0.0333 0.75 12 3.75 210 3.97 760 4.05
0.0500 0.88 14 3.77 220 3.97 770 4.06
0.0666 0.98 16 3.78 230 3.98 780 4.06
0.0833 1.09 18 3.79 240 3.99 790 4.07
0.1000 1.17 20 3.81 250 3.98 800 4.07
0.1166 1.26 22 3.82 260 3.98 810 4.06
0.1333 1.34 24 3.82 270 3.98 820 4.06
0.1500 1.40 26 3.82 280 4.00 830 4.06
0.1666 1.47 28 3.84 290 3.99 840 4.07
0.1833 1.54 30 3.84 300 4.00 850 4.07
0.2000 1.59 32 3.85 310 4.01 860 4.07
0.2166 1.65 34 3.86 320 4.01 870 4.07
0.2333 1.70 36 3.86 330 4.01 880 4.07
0.2500 1.76 38 3.86 340 4.01 890 4.07
0.2666 1.82 40 3.86 350 4.01 900 4.08
0.2833 1.85 42 3.87 360 4.01 910 4.08
0.3000 1.90 44 3.86 370 4.01 920 4.08
0.3166 1.94 46 3.88 380 4.02 930 4.08
0.3333 1.99 48 3.87 390 4.02 840 4.08
0.4167 2.16 50 3.87 400 4.02 950 4.09
0.5000 2.30 52 3.88 410 4.03 960 4.13
0.5833 2.42 54 3.88 420 4.01 970 4.1
0.6667 2.50 56 3.88 430 4.02 980 4.09
0.7500 2.57 58 3.88 440 4.03 990 4.08
0.8333 2.62 60 3.89 450 4.03 1000 4.07
0.9167 2.69 62 3.88 460 4.04 1010 4.07
1.0000 2.74 64 3.88 470 4.03 1020 4.10
1.0833 2.80 66 3.88 480 4.03 1030 4.09
1.1667 2.85 68 3.89 490 4.04 1040 4.08
1.2500 2.9 70 3.89 500 4.04 1050 4.08
1.3333 2.96 72 3.89 510 4.03 1060 4.10
1.4166 3.01 74 3.89 520 4.05 1070 4.09
1.5000 3.05 76 3.90 530 4.05 1080 4.08.
1.5833 3.10 78 3.91 540 4.03 1090 4.09
1.6667 3.14 80 3.89 550 4.05 1100 4.09
1.7500 3.17 82 3.91 560 4.04 1110 4.12
1.8333 3.20 84 3.9 570 4.04 1120 4.11
1.9167 3.24 86 3.9 580 4.05 1130 4.10

2.0 3.27 88 3.9 590 4.05 1140 4.10

2.5 3.41 90 3.92 600 4.03 1150 4.10

3.0 3.50 92 3.92 610 4.04 1160 4.12

3.5 3.56 94 3.93 620 4.04 1170 4.10

4.0 359 96 3.93 630 4.04 1180 4.10

45 3.61 98 3.93 640 4.05 1190 4.09

5.0 3.64 100 3.93 650 4.03 1200 4.08
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Observation well drawdown - Pump test €4 3 49

Time  Drawdown Time  Drawdown Time  Drawdown Time  Drawdown
minutes ft. minutes fi. minutes ft. minutes ft.
0.0000 0.05 5.5 0.08 110 0.15 660 0.19
0.0033 0.04 6.0 0.08 120 0.14 670 0.18
0.0066 0.05 6.5 0.08 130 0.15 680 0.18
0.0099 0.04 7.0 0.08 140 0.15 690 0.19
0.0133 0.05 7.5 0.09 150 0.15 700 0.18
0.0166 0.03 8.0 0.09 160 0.17 710 0.18
0.0200 0.05 8.5 0.09 170 0.15 720 0.19
0.0233 0.04 9.0 0.08 180 0.15 730 0.19
0.0266 0.04 9.5 0.08 190 0.17 740 0.2
0.0300 0.05 10 0.08 200 0.15 750 0.19
0.0333 0.04 12 0.1 210 0.15 760 0.2
0.0500 0.05 14 0.1 220 0.16 770 0.19
0.0666 0.05 16 0.1 230 0.16 780 0.18
0.0833 0.04 18 0.1 240 0.17 790 0.22
0.1000 0.04 20 0.11 250 0.15 800 0.22
0.1166 0.04 22 0.12 260 0.16 810 0.22
0.1333 0.05 24 0.11 270 0.15 820 0.22
0.1500 0.04 26 0.11 280 0.15 830 0.22
0.1666 0.05 28 0.1 290 0.16 840 0.23
0.1833 0.05 30 0.13 300 0.16 850 0.23
0.2000 0.05 32 0.13 310 0.17 860 0.22
0.2166 0.05 34 0.12 320 0.16 870 0.23
0.2333 0.05 36 0.13 330 0.16 880 0.23
0.2500 0.05 38 0.12 340 0.15 890 0.23
0.2666 0.05 40 0.13 350 0.17 900 0.23
0.2833 0.05 42 0.13 360 0.17 910 0.23
0.3000 0.05 44 0.13 370 0.16 920 0.23
0.3166 0.05 46 0.13 380 0.15 930 0.23
0.3333 0.05 48 0.13 390 0.17 940 0.23
0.4167 0.05 50 0.13 400 0.17 950 0.25
0.5000 0.05 52 0.13 410 0.17 960 0.26
0.5833 0.05 54 0.13 420 0.16 970 0.25
0.6667 0.05 56 0.15 430 0.17 980 0.24
0.7500 0.05 58 0.13 440 0.15 990 0.25
0.8333 0.06 60 0.13 450 0.17 1000 0.24
0.9167 0.05 62 0.14 460 0.18 1010 0.24
1.0000 0.05 64 0.13 470 0.19 1020 0.25
1.0833 0.05 66 0.14 480 0.18 1030 0.24
1.1667 0.05 68 0.14 490 0.17 1040 0.25
1.2500 0.05 70 0.14 500 0.18 1050 0.24
1.3333 0.06 72 0.15 510 0.17 1060 0.25
1.4166 0.06 74 0.14 520 0.19 1070 0.25
1.5000 0.05 76 0.14 530 . 0.18 1080 0.25
1.5833 0.06 78 0.14 540 0.17 1090 0.25
1.6667 0.06 80 0.15 550 0.17 1100 0.25
1.7500 0.06 82 0.14 560 0.17 1110 0.26
1.8333 0.06 84 0.14 570 0.18 1120 0.25
1.9167 0.06 86 0.15 580 0.18 1130 0.25

2.0 0.06 88 0.15 590 0.18 1140 0.25

2.5 0.06 90 0.15 600 0.17 1150 0.25

3.0 0.06 92 0.15 610 0.18 1160 0.26

3.5 0.07 94 0.15 620 0.17 1170 0.26

4.0 0.06 96 0.15 630 0.17 1180 0.25

4.5 0.07 98 0.15 640 0.18 1190 0.25

5.0 0.07 100 0.17 650 0.18 1200 0.24
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Pumping well recovery test

Time Drawdown Time Drawdown Time Drawdown
(minutes) (Ft) (minutes) (Ft) (minutes) (Ft)
0.0000 4.00 2.0 0.88 76 0.58
0.0033 4.01 25 0.84 78 0.58
0.0066 3.98 3.0 0.82 80 0.58
0.0099 3.95 3.5 0.80 82 0.58
0.0133 3.58 4.0 0.79 84 0.58
0.0166 3.84 4.5 0.77 86 0.58
0.0200 3.86 5.0 0.76 88 0.58
0.0233 3.81 5.5 0.75 90 0.58
0.0266 3.77 6.0 0.74 92 0.57
0.0300 3.74 6.5 0.73 94 0.57
0.0333 3.70 7.0 0.72 96 0.57
0.0500 3.56 7.5 0.72 98 0.57
0.0666 3.42 8.0 0.71 100 0.57
0.0833 3.31 8.5 0.70 110 0.56
0.1000 3.22 9.0 0.70 120 0.56
0.1166 3.17 9.5 . 0.70 130 0.56
0.1333 3.12 10 0.69 140 0.55
0.1500 3.08 12 0.68 150 0.55
0.1666 3.03 14 0.67 160 0.54
0.1833 2.98 16 0.66 170 0.54
0.2000 2.93 18 0.66 180 0.54
0.2166 2.88 20 0.65 190 0.54
0.2333 2.83 22 0.65 200 0.54
0.2500 2.78 24 0.64 210 0.53
0.2666 2.72 26 0.64 220 0.53
0.2833 2.67 28 0.63 230 0.53
0.3000 2.62 30 0.63 240 0.53
0.3166 2.56 32 0.63 250 0.53
0.3333 2.51 34 0.62 260 '0.53
0.4167 2.24 36 0.62 270 0.52
0.5000 2.02 38 0.61 280 0.53
0.5833 1.85 40 0.61 290 0.52
0.6667 1.70 42 0.61 300 0.51
0.7500 1.56 44 0.61 310 0.53
0.8333 1.45 46 0.61 320 0.53
0.9167 1.35 48 0.60 330 0.51
1.0000 1.27 50 0.60 340 0.51
1.0833 1.20 52 0.60 350 0.52
1.1667 1.15 54 0.60 360 0.51
1.2500 1.10 56 0.60 370 0.51
1.3333 1.06 58 0.60 380 0.51
1.4166 1.03 60 0.59 390 0.51
1.5000 0.99 62 0.59 400 0.51
1.5833 0.96 64 0.59 410 0.51
1.6667 0.94 66 0.59 420 0.48
1.7500 0.92 68 0.59 430 0.49
1.8333 0.91 70 0.58 440 0.49
1.9167 0.89 72 0.58 450 0.49
74 0.58 460 0.49
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Observation well recovery test

Time Drawdown Time Drawdown Time Drawdown
(minutes) (ft.) (minutes) () (minutes) (ft.)
0.0000 0.24 2.0 0.23 76 0.19
0.0033 0.25 2.5 0.23 78 0.19
0.0066 0.24 3.0 0.23 80 0.19
0.0039 0.24 3.5 0.23 82 0.19
0.0133 0.25 4.0 0.23 84 0.19
0.0166 0.24 4.5 0.23 86 0.19
0.0200 0.24 5.0 0.23 88 0.19
0.0233 0.25 55 0.22 90 0.19
0.0266 0.24 6.0 0.23 92 0.19
0.0300 0.24 6.5 0.23 94 0.19
0.0333 0.25 7.0 0.23 96 0.18
0.0500 0.24 7.5 0.23 98 0.18
0.0666 0.24 8.0 0.23 100 0.18
0.0833 0.24 8.5 0.23 110 0.18
0.1000 0.24 9.0 0.23 120 0.17
0.1166 0.24 9.5 0.23 130 0.17
0.1333 0.24 10 0.23 140 0.17
0.1500 0.24 12 0.23 150 0.14
0.1666 0.24 14 0.23 160 0.13
0.1833 0.23 16 0.22 170 0.13
0.2000 0.23 18 0.22 180 0.13
0.2166 0.24 20 0.22 190 0.14
0.2333 0.24 22 0.22 200 0.13
0.2500 0.24 24 0.22 210 0.12
0.2666 0.23 26 0.22 220 0.12
0.2833 0.24 28 0.22 230 0.12
0.3000 0.24 30 0.1 240 0.12
0.3166 0.23 32 0.21 250 0.12
0.3333 0.24 34 0.2 260 0.13
0.4167 0.23 36 0.1 270 0.12
0.5000 0.23 38 0.2 280 0.15
0.5833 0.23 40 0.2 290 0.12
0.6667 0.23 42 0.2 300 0.1
0.7500 0.23 44 0.2 310 0.14
0.8333 0.23 46 0.2 320 0.14
0.9167 0.23 48 0.2 330 0.1
1.0000 0.23 50 0.2 340 0.1
1.0833 0.23 52 0.2 350 0.1
1.1667 0.23 54 0.2 360 0.12
1.2500 0.23 56 0.2 370 0.1
1.3333 0.23 58 0.2 380 0.1
1.4166 0.23 60 0.19 390 0.1
1.5000 0.23 62 0.2 400 0.12
1.5833 0.23 64 0.2 410 0.12
1.6667 0.23 66 0.2 420 0.09
1.7500 0.23 68 0.2 430 0.1
1.8333 0.23 70 0.19 440 0.1
1.9167 0.23 72 0.19 450 0.11
74 0.19 460 0.1

F-40



€4 352

ATTACHMENT D

Hand Monitored Water-Level Data and Hydrographs of the
Hand-Measured Water-Level Data
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Page of

AQUIFER TEST DATA
Owner (ARSWELL adaress __CLSik AFE County State 7X
vae 2/ \JSene /790 Measured by SHeve F;/nﬁ, Sea Blowan 7~

Waell No. LFO‘/' oz Distance trom pumping well _________ Type of test /pvmlj'/ﬂfL Test No.

Measuring eguipment AL{M} /”@//lfr/ -1_,,/ £-/1n8

Time Data Water Level Data Discharge Data
Pump on: Date & 2/ Time o245 (t) Static water levei How Q measured
. » . 2] . .
Pump off: Date Q@ Tnmetﬁ‘ﬁ (" Measuring point Depth of pumpi/air line
Duration of aquifer test: Previous pumping? Yes ______ No
. Elevation ot measuningpoint
Pumping 25_3_ Recovery ‘/L&_ Duration End
" Time ' [ Time
Clock : Since | Water ' Clock | Since Water !
Date Time Pump Onli Lavel Remarxs Date | Time [Pump Onl! Levei : Remarks

6/ 070 — | 20.27 | l

0941179 | 24, 35 |

13251340 | 2036 | i

20421797 |26/

|
|
|
1705 560 | 2¢. Y0 |
|
l

I
22201815 | 2p.9v |
6/22 2409199 | 2499 |

0239 137 | 24 45

1215 1210 2032 | Lopveesy ; | |
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AQUIFER TEST DATA

Owner %ML acaress _C/BSWL A7 B

(9/ '\7:/4(,

Date

/990

County

€4 435
Page / of
State 73(

M red by fr?l’f /“:;i /4’/ S&“# 24&4#

LFoY- YD

‘Well No.

Distance from pumping well

Measuring equipment /’/a/nl/ Meqse r/// w7 5’/14(

.>v .
Type of test / ’:ﬂ/"’,L

Test No.

Time Data .
Pump on: Date b%/ Time 07"5 (t

Pump off: Date QZZL Timeﬂm(t')

Water Level Data
Static water ievel

Measuring point

Discharge Data
How Q measured

Depth of pump/air line

Duration of aquifer test: Previous pumping? Yes No
cummmg /202 Recovery M Elevation of measuring point Duraton o
ok | o | weer coc | sme | wawr |
Date Time :Pump On) Levei Remarks Date Time (Pump Oni Level [ Remarks
010w — | 193 | | |
0906 | 25 | 18,5y | | | |
le257] 32 | igs3 |
I/V/j 390 ‘ /§8-72 1
rsvslygpl rg0a |
lcews\svo | 1901 |
1959 l29 | 152
zz03 953 | /8.5 | | | i
23591979 /8,6 | | |
O/Zz 0219 109 1§ /5 | | |
1150 1JEBS| 18,7 | !

l
|
|
1[
1f

{
: |
? | f
|

!
i ! |
|
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. Page ot f
AQUIFER TEST DATA
Owner CANSUELL  pgaress RSO/ AF 3 County sate _ 7 X
pae . Rl Sene /990 Measured by S Feve f:&/a% Se? Blovir™
well No. _ L FOY-9E Distance from pumping well ___ Type of test ﬂ"”//;’,}_ Test No.
Measuring equipment /’é‘l/ﬂ‘[ Neagsi '”l w /73 E‘//nf
Time Data Water Level Data Discharge Data
Pump on: Dates = 2L Time L7435 1y | Statc water levei How Q measured
Pump off: Date &22 Time 0397 Measuning point Depth of pump/air line
Durauon of aguifer test: Previous pumping? Yes No
Pumping / & Recovery %;0 Elevation of measunng point _____ Duration Eng
ook | Sews | e o | e | e |
Date : Time !Pump Onl Level Remarks Dste | Time [Pump Onlt Levei : Remaerks
Gfa1oe92l = | 2190 117351 590 2775 |
o745 | — | ——  Start Lo /005 | w200/ J¢ |
fogoo 1S | d/-Ho | /g3 6YS | /- Ye J
}’6/5 30 | 2.4/ | /90S| vwBo| 21-9¢ J
o630 45 | 2.4y | /955|230 | 2046 |
logs | bo | 204y | zosg199 | 2016 |
10900175 | o1 | 2200|855 | 24948
o0l sos L iy 2357|972 1 0747 |
jvoe 17351 2047 02/ 06 21 4T
030 108 !9/ 72 !a;;q‘n%’i 21.49 l
Hiee 195 L DLy >//sf7!/cvg;l 2149 | rtrecery
3 | 955 | 2742 ! |

-

1200 | 255 12192 | I

1230 | 385 | 2/. 93
lr255 1370 |2/ 94

?/3301{375 2/ 99
1905 1380 | 2199

I/vzsl‘//o | 294
|isio L 4ys | 97 95

isyo lg75 [21-48 |
6l S | 21495 {

640 1535 | 2745 | |

—_ | — e} ——} — —41__. ¢ ——

lr9/0ls o8] 2045
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CORPORBMTION

Qwner &4[5 WE/Z Address

AQUIFER TEST DATA

Clswd AFE

County

Date °:?/ \/Vnc /77()

Measured by

Waell No. 4’70 Y-9F

Measuring eduipment /{M’Y/ /?7[#,(]/// 71//}4

Distance trom pumping weil

SHeve  Turm,

€4 357

Page / of

State TX

§0# 8/00-,7‘—

E- Jingy

Type of test /um//’;q

Test No.

Time Data
Pump on: Datele = 2] Time a7 ‘/5 (t)

Pump off: Date J_:Z Time/-;_’ZZ(t')

Water Levei Data
Static water fevel

Discharge Data
How Q measured

Measurning point

Depth of pump/air line

Duraton of aquifer test: Previous pumping? Yes _____ No
. /| Elevaton of measuring point
Pumping Z26Z  Recovery %_0_ Duration End
! Time : | Time
Clock 1| Since | Water . Clock | Since Water
Date Time Pump Onl| Levei Remarks Date | Time Pump Ont Lovel 1 Remaris

6/20 0300 — 127903

| |

0904| 84 |29 03

i

|

}/3/‘7 1339 | 2702 ; |

/700 | 555 270/ | |

2009 | 867127.02 |

"22/71 B72| 27 0y F

2416 1991 | 27.06 | | |

0232 271 27207 ! |
; f9707 |
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Owner [,Qfﬁl\/bé/ Address

Date :)/ \/knL /f 7d

AQUIFER TEST DATA

Well No,LFoy"/ﬁ

Distance from pumping well

County

€4 358

Page / ot /

State /——/\/

Measured by SPeve /'/4//77, Seer” Ble nn I

Type of test /(z"";ﬂ/'y /e5 T Test No.

Measunng egquipment //""/’ Pas "/"’/ 'l.//'/;( E-Vomne
Tl_me Data Water Level Data Discharge Data
Pump on: Date_&[&_L Time M{l) Static water level How Q measured
Pump oft: Date é& Time QL‘@:’) Measunng point Depth of pumpj/air line
Duration of aguifer test: - Previous pumping? Yes ______ No
f
Pumoing (20 Recovery iéﬁ_ evation of measunng point Duration _____ Eng
' Time | 1 i Time | |
Clock ! Since | Water " Clock | Since | Water !
Date Time Pump Oni Lavel Remerks Date ! Time (Pump Onli Level ' Remarks
6/21 06531 — | 23.7% | l | ]
13041 3j9 123,79 | | | |
/650|595 | 23.9Y | i
200/ 736 | 9379 | i |
(2209|869 | 23.7¢ | | |
G/22124061987 | 23.27 | | |
02221117 | 2378 | I i ]
sE !/‘?73‘ 2375’ E VFecovery ' ’ | |
; - ” [

|
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ADIA €4 359

comm mMavTIONM /
Page ot
AQUIFER TEST DATA
Owner fﬁSWfZé Address CAS bt 77 5 County State /: :
Date 2/ S ene 792 Measured by Sreve 6”’;1 Sc.7 Bleen”
. . —
Well No. LFoY- ‘/ﬁ Distance from pumping weill Type of test /"":ﬂf/ge 57 Test No.
Measunng equipment %,4.(/ /7/{;/ s'/(/( 2 6 £’//0(
Time Data Water Level Data Discharge Data
Pump on: Dateé:_;l_L Time mt) Static water ievet How Q measured
. - . 147,
Pump off: Date&.&é Time QLZH) Measuring pomt Depth of pumpiair iine
DOuration of aquifer test: Previous pumping? Yes No
A Elevation ot measunng pont
Pumoing _/_‘E_D_z_ Recovery M Duration _______ _ _ End
Time © Time i
Clock + Since | Wster " Clock | Since | Water
Date Time Pump On| Levet Remarks Date ' Time Pump Onl Level Remarus

G/ 0Ls6: — | 12T !

/300375 1 /3 15 foiFocing geren

( 7

695 (S0 | 1206 | adsiotponell)

|
|
|
-

958 | 733 | 1704

22071862 | s207

o/22 23 9768 | 12,9 |
OG /Y | /709 |

—_——— ey}

HsY 1689 , 2y reiovery !

3783

1

F-48



AQUIFER TEST DATA

Owner{l/}?fslfdiéé Address C/ZS C{,/L County State ; al
oae _ 2/ Sene /950 Measured by THeve /’,0/",‘ SC" 7 54"-&/’ 7
Well No. ‘o B Oistance from pumping well Type of test /O;zm’ﬂ/”/; Test No.

Measuning equipment Jﬁmdi /{/4591’/ 2%/ ﬁ/{qé

Time Data Water Level Data Discharge Data

Pump on: Datee_‘sﬂ Time 0_7_"!5_m Static water level How Q measured

Pump off: Date é'zz Time 03_"/2((')

Depth of pump/air line

Measuring point

Duration of aquifer test: Previous pumping? Yes _____ No
\ Elevanon of measunng point
Pumping /20Z  Recovery %’—L Duraton ___________ End
Time | [ Time | i
Clock  Since | Water Clock | Since | Weter !
Date Time Pump Oni Levet Remarxs Oate ' Time (Pump Onl Level Remarks

|

62106580 — l2s.¢p !

W3 13261 85.67 |

b ——

6S7 1552 | 2567

(2000 | 29 | 2567

225191 | 2568 |

'
1
t

243 1956 1 2520

|
|
|
|
|
|

0229 | 257/ i |

1200 /701 V 257/ ' reco.e.y | | |
; 7 ; i
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RADIAN €4 361

Page J of /

AQUIFER TEST DATA
Cwner 7 y5W% Address Cﬂj‘ué /7 75 County State '7\7(

Date 6 - 2 /, qo Measured by ff;{"e f‘%”’ _/ Sce 8l n /‘

Well No. 4f0§' > Distance trom pumping well Type of test ’/‘/’",””h} Test No.
Measuring equipment JQ‘-‘L/ ﬁ/"ﬁ! ¢ ’c'o/ ‘Vf/ L—/rar
G¢-2/
Time Data Water Level Data Discharge Dats
Pump on: Date &8 B- Time 0745 (1) | Static water level How Q measured

Fump off: Date ‘L‘Z__"l Time J_}i’]_{t’) Depth of pump/air line

Measuring potnt

Duration of aquifer test: Previous pumping? Yes No
Elevation of measuring point -
Fumping /2_02_ Recovery ﬁ_ Duration End
Time : I Time |
Clock ¢ Since Water " Clock | Since | Water !
Date Time :Pump On| Level Remarks Date : Time Pump Onl| Leve! Remarks

- QS5 — 2/ 96 : | |

30713221 2189 | | |

1551550 | 2199 ]

20031738 | 2299 |

22/3 1868 | 21.90

|
| | |
o0 \9s5 | 27,92 | L
o225 w120 5,92 |
(

s207 1697 2193 ., ccecy

F=50
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ATTACHMENT E

WHIP™ Plots Used in Analysis
of Pump and Recovery Tests
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TIME-CRAWDOWN FPLOT FOR LFO4—02

=

=

-

- ;'f?"ﬁ
TEAI L i MRS et Sl

ey 1

= { : ol

— ‘_-’:’)-

— ~ {

—_— _‘,«k‘r '

- i ' + J/f ; .
1102 'a 7 i B

= | 4 !

= i 5 i

— | .l

= i '_IJ

—_ | - g

= [ !

N i i ]
i 2 VE Lot 1l | 11LJ BN R 11 v }1 ot opagri R}
1.6-32 1.E-O1 1.E+10 1.E4+01 LE+2 1.E+D3 1.E+04
TIME (MINS)
Variables

Saturated thickness = 11.7 ft

Maxinum drawdown (pumping well) = 3.5 ft
r =50 ft

Q = 18.3 gpn

Pump well radius = 0.25 ft

Effective casing radius = 0.7 ft

Results

Transmissivity = 9771 ft?/day
Storage coefficient = 1.2 x 1077

(Results have Dupuit correction applied and have been optimized with seven
iterations by the Levenberg-Marquardt Minimization Llgorithm) .

N
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RESIOUAL DPAWDORS, (FT)

€4 37.

424 OBSERYATION WELL (LFQ4-Q2Z) RECOVERY TEST
c T > ,
C i
= g
20 7
% +
N4~ E: + /’/i
g.19 R i
i - » ;
- + A !
- + - i
oiz el ‘
— /fj
— +| :
Arm t A |
- v ?
- 124 5 \
oot T
i_
L
— :
am Lo 1 L it B!
1.E+00 1.E+01 1.e+0Z 1.E+03 1.E4+04
T / TORIME
Results

Transmissivity = 8260 ft?/day

(Result has been optimized with seven iterations by the Levenberg-Marquardt

Minimization Algorithm).
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€4 374

50 FUMPING WELL (LFO4-Q3) RECOVERY TEST
E
275 :
— +
o n L t
=0 [
- +
225
- f
I '_ -
- | !
w75 :_ l - i
; ! ) + ___d_d__—-‘r—'— _T
SR o Iy : 1::::'1‘1’-‘1"fmuuL i vyl 1 orannl 1 ppby L1
.50 1B+ 1 E2 1.E+13 1. Eile 1,505 1.E+08

T / TPRIME

Windowed data (2,100, on T/TPrime plot used In analysis.
Results
Transmissivity = 9501 ft?/day

(Result has been optimized with seven iterations by the Levenberg-Marquardt
Minimization Algorithm).
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APPENDIX G

DPM Evaluation Worksheet for the
Flightline Area
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Site identificatien: Flightline Area (Sites LF04, LF05, WP07 and FT09)

CURFACE WATER PATHWAYS

Score Mult:plier Product Max.
(caircle (score x  score

Observed releases ons) mult. )
.. Have contaminants been detected in surface water? 0 100 : 100 100

if yes, assign score of 100 and proceed to item 10.

If no. assign score of 0 and proceed to item 2.
Fathwav characteristics
2. Distance to nearest surface water 0123 “ —_— 12
3. Net precipitation 0123 ) —_— 3
. Surface erosion potential 0123 & ——— 12
. Rainfall intensity 0123 “ —_— 12
€. Surface permeability 0123 3 ]
7 Sum of items 2 through 6 48
§. Normalized score (multiply item 7 x 100/48)
¢ TFlooding potential 0123 8 ———— 24
10. Adjusted pathways acore

I :tem 1 is 100, enter 100. If item 1 is 0O, enter

sum of items 8 and 9. If sum exceeds 100, enter 100. _1_0_0_

1.0
11. vaste containment effectiveness factor (Table 2)
100

12. TFinal score for surface water pathways (multiply item 10 x item 11)

COMMENTS ON SURFACE WATER PATBWAYS

Known surface water contamination
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Site 1dentificatian: Fljghtline Area (Sites LFO4, LF05, WPO7 and FT09)

GROUNDWATER PATBWAYS

Score Multiplier Product Max.
(circle (scors x  score

oserved releases one) oult.)
‘ . 100 o0
3. BHave contaminants been detected in groundwater? 0 100 1 i 1

IZf yes, assign score of 100 and proceed to aitem 20.

If no, assign score of 0 and proceed to i1tem 1l4.
Tathwav characteristics
i4. Depth to seasonal high groundwater from base of

waste Or contaminated zone c123 9 —— 27
5. Permeability of the unsaturated zone 0123 5 e 15
16. Infiltration potential 0123 5 — 15
17  Sum of items 14 through 15 —_ 57
.8. Normalized score (multiply item 17 x 100/57)
19. Potential for discrete features in the unsaturated

zone to “"short-circuit” the pathway to the water

table 0123 5 15

20. Adjusted pathways score. If item 13 is 100, enter 100.
If item 13 is 0, enter sum of items 18 and 19.
If sum exceeds 100, enter 100.

21. Waste containment effectiveness factor (Table 5)

ty
[N}

FRF

inal score for groundwater pathways (multiply i1tem 20 x item 21)

COMMENTS ON GROUNDWATER PATHWAYS

Known ground-water contamination



S:te :dentification: Flightline Area (Sites LF04, LF05, WPO7 and FT09)
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CCHTAMINANT HAZARD ~-- SURFACE WATER

¢ contaminants have been detected in surface water (score of 100 in stem 1)

contaminants have not been detected (score of O in item 1), complete items 28 through 32.

=f{ contaminhants, as appropriate.

2. Sum of huvan health hazard quotients (from column 10 of Hazard
Worksheet)

24. Human health hazard score
25. Normalized human health hazard scores (multiply item 24 x 100/6)

26. Sum of ecological hazard quotients (enter the larger of the sums of
cojumn 11 or 12 of Hazard Worksheet)

2 Scological hazard score

23. Normalized ecological hazard scors (multiply item 27 x 100/6)

complete items 23 through 28. If

Score
(circle
one)

012 séD

Attach Bazard Worksheet or list

29. Maximun human health hazard index

30. Normalized human health hazard score (multiply item 29 x 100/9)
31. Maximum ecological hazard index

32. Normalized ecologicsal hazard score (multiply item 31 x 100/6)

01246

Result Logarithm
(base 10)
2.9x107 7.5
100
9.97 1.0
50.0
Contam:inant
Contaminant :

CONTAMINANT HAZARD -~ GROUNDWATER

Zf contaminants have been detected in groundwater (score
nave not been detected (score of 0 in item 13), complete
iontaminants, as appropriate.

of 100 in item 13),
items 39 through 42.

232 Sum of human health hazard quotients (from column
worksheet)

10 of Hazard

34,  Human health hazard score
25, Normalized human heslth hazard score (multiply item 34 x 100/6)

28 Sum of ecological haszard quotients (enter the larger of the sums of
column 11 or 12 of Hazard Worksheet)

Zzological hazard scors

28 Normalized ecological hazard score (multiply item 37 x 100/6)

complete items 33 through 38.

If contaminants

Attach Hazard Worksheet or list of

01240

1.2x10ll

11.1

100

293.9 2.5

5. Maximum human health hazard index

~3 Ncrmalized human health hazard score (multiply item 3§ x 100/9)
¢1. Maximum ecological hazard index

~2. Normalized ecological hazard score (multiply item 41 x 100/6)

012¢¢6

Contaminant:




Site identification:

Flightline Area (Sites LF04, LF05, WP0O7 and FT09)

HUMAN HEALTH RECEPTCRS -- SURFACE WATER PATHWAY

Score Multiplier Product Max.
(circle (score x score
one) mult,)
%] Populstion thst obtains drinking water from potentially affected 01 2@ 3 9 s
surface water body(ies) within 3 miles (4.8 km) dowmstreasm
. @ 9
44. Water use of nearest surface water body(ies) 012 3 —_— 8
3
45. Population within 1000 ft (305 m) of the site 01 2@ 1 —_— 3
46. Distance to ths nearest installation boundary 012 q 1 3 3
<7 Land use and/or zoning within 1 mile (1.6 km) of ths site o012 @ 1 3 3
48. Sum of items 43 through 47 27 27
49. Final score for human health receptors on surface water pathways 100
(multiply 1tem 48 x 100/27)
ECOLOGICAL RECEPTORS -- SURFACE WATER PATHWAYS
S0. Importance/sensitivity of biota/habitats in potentially sffected o] 1@ 3 5 10 15
surface water bodies nearest the sits
51. Presence of "critical environments” within 1 mile (1.6 km) of the @ 3 1 0 3
site
£2. Sum of items 50 'and 51 10 18
53. Final score for scological receptors on surface water pathways

(multiply item 52 x 100/18)

55.6

COMMENTS ON SURFACE WATER RECEPTORS



Site 1dentificatiom:
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Flightline Area (Sites LF04, LF05, WPO7 and FTO09)

HUMAN HEALTE RECEPTORS -- GROUNDWATER PATHWAY

Score Multiplier Product Max .
(caircle (score x score
one) malt.)
~
S4. Estimated mean groundwater travel time from current wasts location to @1 23 9 0 27
nearest downgradient water supply well(s)
55 Estimated mean groundwater travel time from current waste location to c 1@3 5 10 15
any downgradient surface water body that suppliess water for domestic
use or for food chain agriculture
- 3) 4 8 2
56. Groundwater use of the uppermost aquifer 0 16 3 1
57. Population potsntially at risk from groundwater contamination 0689 12 1 27 36
18
24 ) 36
S8. Population within 1000 ft (305 m) of the site 012 é/’ 1 _}__ 3
.3,
%9. Distance to the nearest installation boundary 01 23) 1 -3 3
60. Sum of items 54 through 59 Y - -
61. Final score for human health receptors on grouncwater pathways 53.1
(multiply item 60 x 100/96) >
ECOLOGICAL RECEPTORS -- GROUNDWATER PATHWAYS
62. Estimated mean groundwater travel time from current waste location to 01 @ 3 3 _6___ 9
any downgradient habitat or natural area
a)
63. Importance/sensitivity of downgradient biota/habitats that are 01&'3 3 6 9
confirmed or suspected groundwater discharge points
64 . resence of “critical environments'” within 1 mile (1.6 km) of the é) 3 1 0 3
site
12
65. Sum of items 62 through 64 21
66 Final score for ecological resceptors on groundwatsr pathways 5_7_-1

(multiply i1tem 65 x 100/21)

COMMENTS ON GROUNDWATER RECEPTORS (attach additional pages 1f needed)

54. No downgradient wells.

55. Travel time 0.2 ft/day. 1,000 ft to surface water. 13.9 days.



Site identification:F) jghtline Area (Sites LF04, LF05, WPO7 and FT09)
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SCORING SUMMARY SHEET

Contaminant

Pathways score hazard score

67. Surface water/human health scores ( 100 x 100 x ]Q”
item 12 item 25/30 item 49
68. Surface water/ecological scoraes ( 100 x 5{2 x
item 12 item 28/32 item 53
68. Groungwater/human health scores ( lQQ x lQﬂ_ x 531
i1tem 22 item 35/40 item 61
70. Grouncwater/ecological scores ( 100 x _______.83 . 3 x _.___.57 -1
1tem 22 item 38/42 item 66
OVERALL SITE SCORE:
o (400 42,5+ ((27.82 4 (53.13,2x5 « (_47.6)% - 67,136.65

item 67 item 68 item 69 item 70

~4

2 Overal. site score = 671136-653,1.6& - 19:381.25
1tem 71

Receprors score

)

/10,000

/10,000

/10,000

/10,000

Overall score

oo
27 .8

—3 1l

47.6
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